@ DX Prepared Atmosphere Gas at a cost of *7c per ti 
cubic feet has made practicable and economical the eli; - 
or control of oxidation, scale, discoloration in the ha; 


annealing and heating operations of both ferrous and non-: rrous 
metals. Since the development of Controlled Atmosph. Heat 


Treating and the SC DX Gas Preparation Unit, abou; three 


years ago, more than 100 of these units have been installed jp 


the metal working industry, ranging in size from 300 to 15.909 
cubic feet per hour in capacity. 


DX Gas can be used throughout the entire heating and cool. 
ing cycle. It is non-explosive, oxygen-free, of uniform composition 
dehydrated and clean. No expensive chemicals or mate ria s have 
to be renewed. Costs are one-third to one-sixth of your present 
costs if you are using natural or city gas. And, most important. 
DX Gas produces a superior productand finish in bright anneal! 
ing, in clean hardening, etc., eliminating the usual subsequent 
cleaning operations following heat treatment by old methods 
Usually only the addition of a muffle or SC Radiant Heating 
Elements is necessary to use DX Gas in your present furnace 
equipment for controlled atmosphere heat treating. 

Ask about its application to your production or call in an 


SC Engineer to survey your problem. It does not obligate you 


SURFACE COMBUSTION CORPORATION ... Toledo, Ohio 


* Based on 40c natural gas. 


Surface Combustion 


Toledo, Ohio » Sales and Engineering Service in Principal Cities 
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ALLOY STEEL PRODUCTION 


° A SERIES OF ADVERTISEMENTS BASED ON TIMKEN METHODS 


Research is the foundation of progress. In the modernly 
equipped research laboratories of The Timken Stee! & 
Tube Company, organized thought and experiment are 
constantly carried on with the object of increasing the 
quality and application of Timken Alloy Steels to broaden 
their field of usefulness. 


Out of Timken research in the past have come some ot 

the most important developments in the alloy steel in- 

dustry. Such developments as Timken Nickel-Moly Stee! | 
for the production of carburized parts; and grain size 

control now recognized by users of alloy steel as a stand- 

ard specification. 


In the course of their work Timken research technicians 

cooperate closely with all other departments. Thus the ‘ 
ramifications of Timken research extend into every phase 
of Timken quality control —chemical, metallurgical 
and production. p 


As a result of its recently enlarged facilities and the broad- 
ening of its scope, the efficiency and value of the Timken 
Research Department have been very definitely increased. 


TIMKEN STEEL TUBE COMPANY, CANTON, OHIO 


Di ict Offices or Representation in the following cities De 


New ‘Y rk Los Angele "B ston Phil adelphia Houston Buff 

Syracuse Tulsa Cleveland Erie Dallas Kansas City St. I $ 

Huntington Pittsburgh World's Largest Sains of Electric Furr 
i 
a 


ELECTRIC‘ FURNACE AN OPEN HEARTH © ALL STANDARD AND SPECIAL ANALYSES k 
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Improved Railroad Rails 


RTICLES on pages 41 and 96 concerning 


improved manufacturing methods for 
heavy rails find a welcome place in the 
same issue as the discussion of sound forgings by 


the Italian engineers I. Musatti and A. Reggiori 


page O1). In truth the aim of rail makers is to 
produce metal free from internal “shatter 
racks.” a type of defect that is Siamese twin to 
flakes” in forgings. It is particularly note- 


worthy that the technique recommended to avoid 
them in both instances is the same, namely to 
ol the metal slowly almost stone cold. The 
Europeans say the defects occur during cooling 

the interval from 550 to 400° F. 


furnace cooling of heavy forgings through that 


and specify 


range; the Bethlehem engineers cool rails slowly 
i covered box from below the critical to less 
in and C. Mackie of Dominion Steel 
\ Coal Corp. writes that he “cools slowly in a box, 


120 at a time, for from 24 to 30 hr. down to a tem- 
perature within 100° F 
phe re 


_ of the surrounding atmos- 
this practice has been abundantly proven 
lobe 100". preventative of shatter cracks.” 

lt is apparent that we are getting closer and 
loser to the solution of two long standing and 
vexing problems flakes in forgings and trans- 
verse fissures in rails. 


Without 


While one cannot accept 


reservation the new hypothesis that 


ikes in forgings are Caused by internal pressure 
from solution 


| hydrogen suddenly released 


light . : 
Sightiy above room temperature, a great step in 


1dvance has been taken when we are able to pro- 
duce flakes at will, and not wait until some of 
‘hem happen along and ruin an expensive forg- 
ig. Similarly, the riddle of transverse fissures, 
ap| ng sporadically in railroad rails, no one 
KN hen, was well toward solution when H. F. 


An Editorial 


Moore and his co-workers at University of Illinois 
found they could produce them in new rails con 
taining shatter cracks (but not in sound rails, 
new or old) by merely rolling loaded car wheels 
back and forth, stressing the rails no higher than 
loads measured in the field under actual tratflic. 
Sound rails, under larger stresses — above the 
fatigue limit will break from a crack starting 
al the surface and gradually extending through 
the section, and not develop the dangerous defect 
known as a transverse fissure from a deep seated 
nucleus. 

The problem of the safe rail, then, safe 
against unpredictable fracture, is the problem of 
sound metal. The article on page 41 of this issue 
shows how the commercial problem of controlled 
cooling has been solved in Europe, Canada and 
the United States. 


railroads are gradually 


It is so convincing a story that 
bringing themselves to 
pay the extra money required for this treatment 
The Canadian National Railways, for instance, 
have specified this tvpe of rail exclusively for 
several vears. 

It should be 
believe that a sound, safe rail is better made by 


stated that some rail makers 


normalizing than by merely slow cooling. John 
Brunner and A. D. 


Steel Corp.. working on the theory that a coarse 


Beers of Carnegie-Ilinois 
grained structure in the rail head predisposes 
sound rail to internal transverse fissures under 
traflic. recommend that the rails, after cooling 


below the critical but before reaching the “blue- 
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brittle range.” be placed in a furnace and re- 
heated until the entire section is uniformly and 
slightly above the critical, thus recrvstallizing the 
metal into a fine grained structure. They are 
then run out for quiet cooling in air. (Ends are 
usually quenched in air blasts to harden them 
against wheel batter.) 

Obviously, this process of grain refinement 
does not harden the rail but toughens it mate- 
rially. In the standardized drop test, rails cooled 
on the hot bed will break on the first or second 
blow with 2 to I. elongation, whereas the nor- 
malized rail will not break until the fifth or sixth 
blow with 9 to 16°, elongation. Whether it will 
produce rails entirely immune to internal trans- 
verse fissures or whether slow subsequent cooling 
will be necessary depends on the accuracy of the 
theories underlying the two processes. 
‘= oF THE ABOVE, however, solves the problem 

of a harder, stronger, more wear resistant 
rail, The trend for a century has been toward 
heavier wheel loads, not only heavier engines 
but heavier freight and passenger cars. Steel 
makers have attempted to keep pace with this 
trend by increasing the carbon in the steel rail, 
thus hardening it. This has long since reached 
the limit at practically eutectoid composition. 
Alloy steel has not made progress on account of 
its expense, except for the medium manganese 
rail, wherein the carbon is lowered to about 
0.60°) and added hardness given by 1.25 to 1.50°; 
manganese. Well over a half-million tons of this 
are in track, principally in lines of the Lacka- 
wanna and New York Central railroads. Other 
analyses, such as the interesting 3°¢ chromium 
steel rail containing only 0.25°) carbon described 
by G. B. Waterhouse in Merat Progress in April, 
have only been tried in’ comparatively 
limited tonnage. 

It is realized at the outset that the high car- 
bon steel in heavy rail is the approximate equiv- 
alent, chemically, of tool steels for sledges and 
all sorts of battering tools consequently there 
are large possibilities for improvement of the 
standard rail, as rolled. It has been halted prin- 
cipally by the fact that prompt and effective heat 
treatment of the very large tonnages coming out 
of a modern rail mill would require an enormous 
auXiliary plant, and warrant a sizable increase 
in delivered price, which the purchasers have 
never been willing to pay. Rails have become a 
standardized product, procurable at only a few 
mills, and in this instance standardized practices 
and prices have prevented more rapid metallur- 


gical development. Cenditions are gs 


ferent in the production of splice bars, .f y) 
many proprietary designs are vigorous}, pro- 
moted. Nearly all of them are made O50 
0.60', carbon steel, punched and notehed w 
the bar is still hot from the final pass, and 
mediately quenched in oil (not tempered 

A summary of the proposals for heat trea) 
rail is given below. Such methods have pey, 


been given much encouragement by the railroad 
There is, of course, another solution open 
they apparently are taking to it more read)! 
than buying hardened rail, either alloyed or }y 
ireated. This is the construction of light w: 
rolling stock. Really light weight, high spe 
passenger trains are with us, and are bring 
travelers back to the railroads. Wheel loads 
greatly reduced by diesel-powered units 
structed of aluminum or stainless steel. 

It is also possible that freight cars | 
grown too big and heavy. Lighter cars and 
gines in more portable units will do muc! 
compete with motor trucks handling most 
modities. Since even the heaviest sections o! 
treated carbon steel rail in fact all elem: 
of the permanent way are near their capa 
for resistance under present axle loads from | 
chnormous engines and coal cars now in op 
tion, the best solution of the whole railroad p: 
lem may usher in much lighter cars and eng 
under which the present carbon steel, even ro 
in smaller rail, will be quite safe. 

METALLOGRAPHER may be interested i 

fuller discussion of what has been don 
the way of heat treating rails, and the result 
structures and properties. 

Sandberg is probably the best-known nan: 
in connection with heat treated rails, for the s 
called “sorbitized head” rails promoted by | 
Sandberg brothers have been made in larg: 
nage, especially for streetcar tracks. The process 


simply consists of running the hot rail dir 
from the last pass in the rolling mill to a sta! 
between a pair of perforated air pipes, and hold 


ing it there long enough for a multitude o! 


jets at moderate pressure to cool the head 
below the critical range. The word “sor! 


a misnomer, for what is done is merely 

the hot steel rather more rapidly throug! 
critical range than it would on an ordina 
bed, vet not fast enough to prevent the 
formation of austenite to pearlite. Resulting 
microstructure is a somewhat finer | 
on the running surface than in the rai! 
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The relationship 


wly on the hot-bed. 

hardness or strength and the fineness of 

rlite in rail steel is very accurate, as has 
wh by O. V. Greene. 

process developed by E. F. Kenney and 

Bet em Steel Co. is mentioned in the article 

e 41, and the data indicates that the 

ools at such a rate that much of the 

F. directly 


aus ile 


transforms at about 900 
to finest pearlite. This mechanism is explained 
brilliantly by E. C. Bain and his associates. 
What martensite does form during the quench 
is immediately tempered, and the resultant struc- 


« is a mixture of finest pearlite and sorbite, 


tul 
from 


and should be 
stresses and incipient ruptures. 
fhe Pennsylvania railroad some time ago 


quite free deep-seated 


laid a moderate number of rails which had been 
oil quenched or water quenched from 15507 F. 
ind drawn at 875° F. Their tensile properties 
ire similar to those described by FE. W. 
in Mera ProGress last March. The latter were 
vil quenched and drawn at 800° F. in vertical 
furnaces after machining into parts for frogs 


Goodaire 


ind crossings. In all of these quenched and tem- 
pered rails the elongation is increased about one- 
third and the reduction of area more than dou- 
bled; hardness ranges from 337 to 352 Brinell, an 
merease of 70 points over the rail as rolled and 


ooled on the hot-bed. 


this simultaneous increase of hardness and 
ductility after quenching and tempering may 
secm impossible, but one should remember that 
the usual inverse relationship (hardness up, 
toughness down) is largely derived from com- 
parisons between carbon or alloy steels in the 
quenched and tempered condition. This has an 
entirely different microstructure from = as-rolled 
rail, which is essentially a fine pearlite, the result 
of moderately slow cooling through the critical, 
Whereas the oil or water quench forms hard mar- 
tensite in most of the structure and subsequent 


drawing tempers this to tough sorbite. In sorbite 


‘he precipitated carbides are in very fine rounded 
particles embedded in a continuous matrix of 
ferrite, and in pearlite the carbides are in parallel 
by thin ferrite. 
Therefore, the mechanical properties of sorbite, 


platelets, separated films of 
the quenched and tempered structure, cannot be 
compared directly with those of pearlite of the 
same chemical composition. As a matter of fact, 
truly 
‘quenched and tempered) is clearly superior to 


the toughness of a sorbitic structure 
tha! of a pearlitic structure (slowly cooled) when 


equal in strength or hardness. 


Latest Spectrograp hic 
Developments 


I KESPONSE to an invitation, as noted on page 35 
of last month’s Merat ProGress, the following 
letter has been received, which is gladly printed. 


The modern Spectrograph, sold by the Braun 
Corporation of Los Angeles, was developed by Dr. 
M. F. Hasler and R. W. Lindhurst, formerly of the 
California Institute of Technology, at that Institution 
and their Applied Research Laboratory. My own 
contribution was the idea for the Projection Com- 
parator which they have developed as standard 
equipment. With the co-operation of all the repu- 
table local assayers they set a price of $6.00 for the 
complete Qualitative Spectrographic Analysis 

Using a grating instead of a prism, a 12'» inch 
film on a radius, means for a multiplicity of charges 
in carbon electrodes, and many minor mechanical 
improvements, enabled them to get much better reso- 
lution and far greater sensitiveness. Direct compari- 
son of an unknown with a master film having an iron 
spectrum with markings of some 210 principal lines 
of 70 elements has changed hours of comparison to 
about 15 minutes with an increase of accuracy and 
decrease of limitations. 

There is a good view of a considerable part of 
the spectrum with ample means for checking doubt- 
ful lines. Some 2230 Angstrom Units are projected 
on the screen to about 45 feet in length. Of all 
methods I know this one is least liable to error and 
results are regarded as final by all the reputable local 
assavers. 

Most of our work comes from Pacific Coast and 
other assayers and mining engineers. Reports show 
percentages roughly as 0.001, 0.01, 0.1, 1.0 and 10.0 
or between these figures. 

1 use the Spectrograph as a_ preliminary to 
all complete quantitative analysis, thus constantly 
checking results under varying conditions, for de- 
tecting minute amounts of impurities and then 
checking the quantity with the extremely accurate 
Polarograph, for testing composite samples tor min- 
ing companies, determining minor associated min- 
erals, complications, unsuspected values or for geo- 

Assay buttons are tested for the 
Evaporated water residues are 


logical information. 
Platinum group. 
tested for poisonous elements or for general intor- 
mation. Country rocks or magmas of different 
periods are tested for differences and other possible 
information. Rare earths have been found in this 
county and hitherto unsuspected metals on the coast. 

| use the Spectrograph in exposés of mythical 
values in alleged ores of tin, mercury and other 
metals. Governmental Agencies have made use of 
the Spectrograph both in my own office and else- 
where 

Even in medical work advances are made be- 
cause of the rapidity and certainty of comparisons 
You see at a glance instead of making tedious meas- 
urements with their possibility of error. There ts an 
ever widening application. 

(signed) Joun Herman, D. Se. 
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UBLISHED accounts of the new and rec- 
ord-breaking Cunard passenger ship 


Queen Mary each reflect the interest of the 
editor and his field of readers. The popular 
press is likely to emphasize size and make such 
comparisons as that Columbus’ entire fleet could 
be put in the main dining-room. The business 
press argues whether the ship and its expected 
sister can regain the blue ribbon of the North 
Atlantic, and make any money. The technical 
und engineering press will concentrate on me- 
chanics, construction and operation; appropri- 
ately enough the following will endeavor to give 
some idea of the 50,000 tons of metals used in hull 
and machinery. 

Of course, the mere size of the ship is won- 
derful. Why is it necessary to build a 1004-ft., 
80.7335-ton monster to carry 2139 passengers when 
the Acquitania — a fast ship only 20 vears in the 
same service — carries $230 passengers and_ is 
only 902 ft. long and displaces 53,200 tons? The 
answer is that it takes three ships like the Acqui- 
tania to provide one weekly sailing in both di- 
rections, England to America, whereas the Queen 
Mary and a sister ship vet to be constructed 
two of them — are capable of making a crossing 
every week. 

This sailing schedule is the kev to the answer 


of “Why so large?” Deducting the hours in port 


necessary to clean, refuel and revictual the ship, 
the required speed figures out at 28!5 knots. Th 
maximum should be even higher so the ship can 
spurt to gain time after fog or storm delays. Thy 
practical problem of getting the necessary pro 
pelling machinery for a minimum hull to carry 
it at 380 knots worked out to 200,000 hp. and a 
leviathan so large that the upper decks ar 
unusually spacious, ample for dining-rooms 
lounges, shops and corridors, and even generous 
sized cabins (mostly outside) for the expected 
number of passengers. 

The result is a spacious ship; one has tli 
feeling of being in a well-appointed, moder 
hotel —— not cramped, free to move about. Even 
the machinery rooms are not as tightly packed 
as in a Great Lakes steamer. 

With the main dimensions fixed, innumer 
able experiments with models in a tank deter- 
mined the exact shape of the hull. Autograph 
devices recorded the main data; moving pictul 
were also taken for additional information. Seal 
models of the completed ship with smoke coming 


es 


out of funnels and air sucking down the ventila- 
tors were studied in a wind tunnel to make sur 
that the smoke would not swirl down and touch 


the ship anywhere. Propellers, which have e've! 

. . ) 
so much trouble in recent large ships, were 't0s 
intently studied. Carefully made screws OW 
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re first tested behind ship models in the 
on others twice as large were run in open 
od finally screws 24 in. in diameter (1 10 
' ere designed, constructed and subjected 
ba ut 1000 experiments. Propellers them- 
ie four-bladed; an appreciation of their 


sel 

ive can be had from the view on page 38. They 
r rin number, of manganese bronze, cast in 
one piece Weighing 50 tons rough, 35 tons finished. 
Reing 20 ft. diameter, they are said to be the larg- 
non-ferrous castings ever made, and cost 
shout $35,000 each. 


fhe hull of the ship over 1000 ft. long, 118 
fe beam and 921, ft. high to the topmost strength 
member — was so far beyond customary sizes 
that it was questionable whether the ordinary 
formula marine architects have been using to ap- 
proximate the principal stresses should be extrap- 
olated. The ordinary assumption is that the 
hull is a large beam and may ride midships the 
crest of a wave whose length is the length of the 
ship. Under these conditions a comparative fig- 
ure for bending moment (found to be safe for 


Even the Hall's Stern Dwarfs Everything 


we 


wey 


{tone 


ordinary ocean liners and freighters) is equal to 
the length times the load displacement divided 
by an empirical constant, usually 30. In order to 
find out something about this constant, careful 
computations were made; using the actual 
weights and their dispositions, it appeared that 
this constant for the Queen Mary should be re- 
duced to 28.7, thus increasing the figured maxi- 
mum stresses correspondingly. 

When civil engineers design a record-break- 
ing span for a bridge they can be expected to 
make use of high strength or alloy steel in main 
members. Conservative British naval architects 
made few such concessions to present-day metal- 
lurgy, placing their almost complete dependence 
on ordinary ship plate and shapes, getting extra 
strength from extra metal and its careful dispo- 
sition rather than from stronger steel. For in 
stance, the ship’s bottom, 6 ft. deep, with shell 
plating 1.20 in. thick, forms the bottom chord of 
the huge beam which the hull is. It gets extra 


longitudinal strength from the inner walls of the 


oil bunkers which completely line both sides of 


‘an 


Photos by Stewart Ba 


the ship. The promenade deck 92.5 ft. 
above is the top-most strength member, 
and is made of well-stiffened double 
plate a total of 1.26 in. thick. 
all the upper decks are strongly cross- 


braced together into a structural unit and 


Of course, 


trussed around the large openings re- 
quired for funnels and public rooms, the 
whole group being in effect a cellular top 
chord for the hull, visualized as a huge 
beam. 

Some 4000 tons of high elastic limit 
steel (a heat treated carbon steel de- 
veloped by F. G. Martin with true elastic 
limit of 37,000 psi. on the average) was 
used in the upper part of the structure; 
Llovds’ regulations allow a reduction of 
11‘. in thickness when this is used, but 
only part of this allowance was accepted. 

Again looking at the hull as a beam, 
the webs are the side plating, 1.14 in. of 
steel, and longitudinal bulkheads. Trans- 
verse strength and shearing stresses are 
taken by stiffness in all 
floors, crossframes, and intercostal fore- 
All in all, the designers 
are quite confident the ship has ample 
structural strength for the heaviest 
weather on the North Atlantic. 

Practically all joints are riveted, 
Machinery 


also care of 


and-aft girders. 


there being about 10 million rivets. 
bases are welded to a certain extent; the only 
other major parts using notable amounts of weld- 
ing are the davits and carriages for the life-boat 
launching mechanism. The plumbing and venti- 
lating systems also utilized welding freely. 

Steel castings at stem and stern are enor- 
mous. The stem casting runs up the prow and 
thence far back into the keel; it is 130 ft. long in 
five pieces bolted end to end. In cross-section it 
is a rounded V amply braced by diaphragms; 
wall thicknesses vary from 144 to 4 in. The stern 
frame is in five sections weighing 190 tons. Outer 
shaft brackets (four sections) weigh 180 tons, two 
inner shaft brackets weigh 60 tons each, and the 
rudder stock 110 tons in two pieces. All of these 
are acid open-hearth steel cast from two 60-ton 
furnaces, and the sinkheads weighed in most in- 
stances almost as much as the completed part. 
Other difficult castings were the four stem tubes, 
26 ft. long, 35 in. inside diameter, 4 in. wall. These 
were cast vertically with high sinkheads, and it 
was a problem to build cores that would stand 
the hydrostatic pressure vet crush under the con- 


traction forces. 


50.000 


Each of These Four- 
Bladed Bronze Screws Drives the Ship Forward 


Horsepower on 


Obviously many important decisions cluste: 
around the installation of a 200,000-hp. powe: 
plant, encased even in so generous a hull. Fo 
tunately naval experience was available and has 
Water tube boilers ar 
another tec! 


been largely followed. 
fired with oil and pre-heated air 
nologic improvement that has made the sweats 
stoker, the “hairy ape” of literature, an extine! 
animal, 

drums, one 
steam drum and one superheater drum. All ar 
about 22 ft. long; the steam drum is 54 in. diam 
eter with 2-in. wall, and the others somewha! 


Each boiler has three water 


smaller. These are enormous hollow forgings 


(each made from a pierced ingot in a press, @s 
shown by the etching on the front cover of this 
magazine) machined inside and out and the ends 
closed in to oval manholes. Steel in the wate! 
drums has 67,500 psi. tensile strength, in the 
steam and superheater drums 80,000 psi; ''5 
chemical composition has not been disclosed 
Seamless steel boiler tubes are straight. |’s 
or 2 in. diameter; the superheater tubes are )e' 
to hairpin and are 114 in. cold drawn steel. 
heaters of the tubular heat interchanger type @ré 
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flue above the boilers; their tubes are 


set 
ied corrosion resistant steel. 


lap 
Rollers deliver steam through seamless steel 


unusually large, at 400 lb., superheated to 


mains 
“)° F., it being reduced to 350 Ib, at the main 
turbine intakes and to 250 Ib. for auxiliary prime 


movers and turbo-pumps. Each of the four pro- 
pellers has its own 50,000-hp., 4-stage turbine, 
each stage driving a pinion meshing at one ele- 
ment of a 14-ft., double helical gear, keyed to the 
propeller shaft. Gears and pinions are of tough- 
ened 3° nickel steel, ground to 0.001 in. no 
small task on a 20-ton gear blank! 


Turbines Have Stainless Fittings 


Turbine casings for high pressure and first 
intermediate pressure are of cast steel, the two 
lower stage casings of cast iron; all have parti- 
tions and nozzle plates of stainless steel, cast in. 
Rotor spindles, impulse wheels and reaction 
stage wheels are forgings with 75,000 psi. tensile 
strength. Each one of the 257,000 turbine blades 
has been tested and fitted by hand; all impulse 
blades are heat treated stainless steel forgings; 
reaction blades are low carbon stainless iron, 

Propeller shafts each transmitting 50,000 hp. 
ie hollow forgings 27% in. diameter of high 
lensile steel; journal bearings are of cast iron 
lined with white metal (babbitt). A very elab- 
orate thrust bearing is required of a type de- 
veloped by ample marine experience. Thrust is 
taken from a forged collar on one section of the 


thick, 


anchored to ten special hard iron segments. The 


shaft, through white metal pads, *, in. 


opposite side of these segments pivots on a case 
hardened steel plug with rounded face, bearing 
igainst a spring steel disk set in the body of the 
thrust bearing. The entire drive of a single pro- 
peller is thus carried on only ten ball-to-plate 
contacts, whereas each thrust block is anchored 
lo the ship’s frame with 32 fitted bolts, 2'. in. 
diameter. 

Including copper in 18,000 hp. in 528 motors 
installed here and there throughout the ship, 
enough lights for a city of 150,000 inhabitants, 
and 735 miles of copper cable and 4000 miles of 
light, phone and signal wire, there is about 
3,000,000 Ib. of copper, brass and bronze in this 
floating hotel. 

Notable items are the four main condensers 
each with 14,000 seamless tubes of 70:30 copper- 
nickel alloy, 114-in. tube plates of rolled naval 
brass (62°; copper, 37°. zine and 1° tin), and 


“laphragms and division plates of gun metal. 


Since the greatest care is used in maintaining the 
purity of the feed water system, the condensate 
reheaters and handling equipment are almost ex- 
clusively of brass in the cooler portions and cop- 
per when the temperature is between 115 and 
370° 
metal, spindles of stainless steel, and impellers of 


Condensate pumps have casings of gun 


monel metal. 

In order to minimize internal corrosion in 
the boilers, all coutact between air and feed water 
is rigorously prevented, and oxygen is kept below 
0.02 cc. per liter in the closed system by steam 
jet air ejectors on the condenser shells. Leaks 
of salt water from the cold side are guarded 
against by 16 continuous chemical analyzers con- 
nected to alarm bells and lights. 

It is a matter of pride to the builders and 
even to the English nation that the ship is all 
British — practically all the raw materials, ma- 
chinery and experienced personnel coming from 
within the Empire. It is to be expected, there- 
fore, that the interior decorations will not be 
garish — the keynote is “modern, but not repel- 
lent.” Wood, fabric, leather, linoleum, glass, 
have been largely used in decoration; 50 or more 
varieties of wood have been used in panelings 
and walls, so that the passenger, once inside, gets 


the distinct impression of an oaken ship. 


Little Metal in Staterooms 


A striking feature which is noticeable 
throughout all the stateroom accommodation is 
the almost complete absence of visible metal- 
work. Composition products have been em- 
ploved for all door handles, coat-hooks and 
minor fittings which harmonize with the color 
scheme, are warm to the touch and remain clean 
indefinitely. All doors are flush with the walls, 
without moldings or beadings of any description, 
and the few exposed metal articles considered 
essential, such as ventilating louvers and plumb 
ing fixtures, are of non-tarnishable steel. All 
alleyways are lined with a light, polished wood 
and the skirtings meet the floor with a specially 
rounded cove for cleanliness. 

This general rule of litthe or no gleaming 
metal is modified in some of the public rooms. 
For instance, in the “Moderne Bar” the color 
scheme is steel, red and cream; in the cocktail 
lounge the walls are in wood, bronze, silvery 
stainless and aluminum spraved material. Hand- 
rails and stair treads are generally stainless steel 
rather than brass. Terrazzo paneling in the two 
swimming pools and in many private baths is 
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F 1 Short Piece of the Chain Cable, Electrically Forged From 
's-tn. Bars of Open Hearth Steel, Proof Tested to 650,000 Lb. 
Each link is 24 x2 15 in. and weighs over 200 Ib. Three 
links, tested to destruction, break at about 1,500,000 Ib, 
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attached by angle a) rj 
sections made of Unless 
steel drawn over sectico al 
terial of bronze, thus he; 
completely non-corrod 
highly decorative. 

Stainless steel is 
dent in the galleys (kitchens 
land lubbers). All cabinets § 
hot foods are of stainless. 
mirror-polished moldings 
fittings contrasting well wi 
dull polished panels and bod 
work. Table tops and sink. 
are of stainless steel and 
monel. Ovens utilize high chy 
mium-iron for linings; outsid 
surfaces are white ename! 
trimmed with stainless steel 
Altogether about 15. tons of 
stainless sheet and strip a 
utilized in this department 
the ship alone. 


Metal Decorations 


Of course, some v 
beautiful metal work is utilize 
for architectural decorations 
The pierced and carved bron 
gates to all the restaurants rep 
resent) various items of 
mythology. Bronze sconces and 
silver- bronze reflectors hat 
monize beautifully with th 
English oak paneling the 
smoking-room, The usual num 
ber of bronze and aluminu! 
objects of art are also placed 
correctly at vantage points 
in fact, the interior decoratio! 
of the ship itself expresses thy 
best efforts of a score of th 
leading artists in England. 
take it all in all, from 1 
riveted hull of mild steel to th 
upholstered furniture in 
first-class cabins, the builders 


have avoided innovations t 


ntial 
assurance of great substantia! 


itv and comfort. Only in uno! 
trusive apparatus 
navigating, ventilation. 
nary — are the works of | 
cent inventor frankly u! 


- 


PROVE 


by heat treatment 


by controlled 


Kk FREQUENTLY HEAR that “the old- 

time rails were better than those now 

produced; they never broke and sel- 
dom wore out.” This is an unjustifiable con- 
clusion in view of the much more severe condi- 
tions that modern rails must meet. 

Of course rails have increased in weight. 
Compare the 152-lb. Pennsylvania rail described 
by T. J. Skillman in Merar Progress, Nov. 1931, 
or even the 131-lb. rail in common use on main 
100-Ib. section which the 
maximum of the former period. 


line with the 
However, this 
increase in weight is more than offset by a LOO‘ 
increase in static wheel loads, combined with 
higher speeds which raise the dynamic loads to 
measured values of twice that of the static loads. 
Consequently there is now a far greater pressure 
of the wheel on the rail and this is confined to 
an area of contact only slightly larger than under 
the old conditions. 

the result has been an increase not only in 
wear but in the number of rail failures, despite 
the best efforts of the steel-mill metallurgist. 
From the blast furnace through the rail mill there 
has been an increasing application of scientific 
knowledge for controlling the many chemical, 
metallurgical, and thermal factors involved in 
the manufacture of railroad rails. It remains 
asiomatic that a good rail can be made only 
‘rom good steel. Metal and slag analyses, mold 
preparation and use, design and operation of fur- 


temperature control of rolling, and chem- 


cooling 


all have con- 
All of this care 


in preparing good steel and rolling it into a rail 


ical and metallographic checks 
tributed to the steady advance. 


should not be vitiated by neglect in the subse 
quent treatment, thereby lessening its value as a 
safe and serviceable product for the use of our 
railroads. 

In the early days rails were frequently dis- 
carded because the head mashed or crushed. The 
steel was too soft, too low in carbon. Many are 
the tales told about clashes between the old- 
time iron master and the early steel-mill chem 
ists, but nevertheless chemical control rapidly 
cured mashed heads, except on secondary lines 
where relaying was delayed. 

Then came the “split head.” 
failure was mainly confined to rails from the top 


This type of 


of the ingot. They were troublesome, but as they 
gradually developed in plain sight of track walk- 
ers, the rails were generally removed before they 
became dangerous. As these split heads increased 
under the growing severity of traflic, railroads 
objected strenuously, but they were annoved 
rather than alarmed. 

They really became alarmed by a wreck on 
the Lehigh Valley railroad in 1911. 
to a rail, broken through an internal transverse 


It was traced 


rupture which had gradually developed during 
service and without any external indications. 
This marked a new phenomenon in rail failures 
which is now commonly known as the transverse 


fissure. 
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Typical Transverse Fissure Discovered in Worn Rail 
(Above) and Shattered Condition of Head (Below). 
Photos courtesy of H. F. Moore. After fissure had 
been located electrically, the rail was partly sawed 
through and head broken. Other end of rail was 
then sawed longitudinally through center of head, 
surface polished and etched with 50° Hel, 
Reproduced about two-thirds actual size 


Vetal Progress: Page 4? 


1928 they had developed a method of controlled cooling at th: 
Cargo Fleet Iron & Steel Works at Middlesbrough, England, whic! 
effectively prevented the occurrence of shatter cracks. In che suc: 


higher carbon American rail, the process was adopted on a « 
mercial scale. 
Inland Steel Co. and Colorado Fuel and Iron Co. 

R. B. Gerhardt of the Bethlehem Steel Co. and I. C. Mackie 0! 


Internal Transverse Fissures 


In recent vears these transverse fissures, mop, 


through their insidiousness than through their fre. 
quency, have been the cause of more concern to thy 
rail maker, rail user, and steel metallurgist than a) 
other types of rail failures. What is their cays: 
What is their cure? 

The last word has not vet been said as to {hy 


cause, but much has been done in the way of a cur 
The ideas and practices of the pioneering investi. 
gators the Sandbergs, Gerhardt, and Mackie hay 
been confirmed in essentials by recent scientiti 
studies at the University of Illinois, under the aus 
pices of the Association of American Railroads and 
the Rail Manufacturers’ Technical Committee. 

This important work has been summarized jy 
November’s Mera Progress. (See also page 96.) Rails 
were subjected to wheel loads simulating servic 
conditions yet under laboratory control, and this 
veloped transverse fissures in those rails that wer 
susceptible thereto. Non-susceptible rails developed 
fatigue cracks starting from the surface, and ther 
fore visible to an inspector, rather than within th 
head, and therefore invisible. Quoting from the o! 
ficial report: “Tests have yielded fairly convincing 
evidence that fissures in rails usually originated at 
shatter cracks which formed in the rails during the 
process of manufacture.” 

Nearly ten years ago, Messrs. Sandberg of Lo 
don, England, internationally known rail engineers, 
pointed out that shatter cracks, which occur occa 
sionally in rails as rolled, may act as the foci from 
which transverse fissures gradually develop with: 
the heads of rails during service. They believed 


that “one of the chief causes” of shatter cracks is stresses caused 
by “a substantial difference of temperature during cooling betwe 
the outside metal and the interior metal, more particularly of Ue 


big mass in the head of the rail.” 
Hence they believed that if shatter cracks could be prevented 
the transverse fissure problem would be solved. Before the end o! 


ceeding vear they introduced this method into the United States. 
where, after experimentation by the Bethlehem Steel Co. on tly 


mn 


More recently the method has also been used !) 


os the Dominion Steel & Coal Corp. of Sydney, Nova Scotia, likew!s' 

ay Maa Te diagnosed shatter cracks as the principal cause for transverse fis 

ed ee sures and found the cure in the controlled cooling of rails. At t 

present time the last-mentioned company is subjecting its 

‘ output of rails to controlled cooling. In the above-mentioned tes's 
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.. none of the controlled cooled rails had 


ew racks or manifested internal fissures 
| jected to fatigue tests. 
; known that only a small percentage of 
; cooled in the usual way on the hot-bed 
shatter cracks. But their occurrence is 
gsidious. Shatter cracks are sometimes found 


is produced from a particular ingot of a 
+ and absent from other ingots of the same 


nea 


heat. A limited portion of a rail is sometimes 
found to contain a few shatter cracks while. the 
rest of the rail is entirely free from them. There- 
fore. no real assurance of freedom from shatter 


eracks can be had unless all rails are subjected 
to the controlled cooling operation. Without 
vaccination the majority of human beings might 
not have smallpox, yet universal vaccination is 
the only sound prophylaxis. 

After five years of experimentation the com- 
mercial process as applied at the mills of the 
Bethlehem Steel Co. may be outlined as follows: 

Rails are cooled on the hot bed in the usual 
manner until the temperature has dropped as 
low as 1000° F. but not less than 932° F. As 
illustrated in the adjoining photograph, they are 
then placed in boxes or tanks in sufficient num- 
ber to insure a slow and gradual drop in tem- 
perature. After being the 
covered; the rails are protected from cool cur- 


loaded, boxes are 
Moreover the boxes are under cover 
The 


remain until they have dropped below 10° F. 


rents of air. 
and protected from snow and rain. rails 

There has been some difference in opinion 
as to the ranges of temperature wherein rails are 
most susceptible to the formation of shatter 
cracks during cooling. The Sandbergs, for ex- 
ample, inclined to the belief that the tendency 
to shatter crack was greatest between 932 and 
fo0’ F., while Gerhardt and Mackie had the view 
that it was greatest below 650° F. Both the Sand- 
bergs and Gerhardt agreed, however, that in 
practice it is important to start at a sufficiently 
elevated temperature to allow a substantial mar- 
Mackie, in describing an applica- 
tion of his process which is “100° effective in 


gin of safety. 


eliminating all traces of shatter cracks,” stated 
that the rails are allowed to cool normally on the 
hot-bed until visible redness in a dim light dis- 
appears, and then are placed under the cooling 
hood as promptly as practicable. 

Controlled cooling 
stresses substantially; thereby the rails show con- 
siderably higher results in bend tests than rails 
cooled on the hot-bed in the ordinary way. The 
duct All these results are obtained 


also reduces’ residual 


tv is better. 
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without appreciably affecting the hardness of the 
rail, either by Brinell tests or by measurements of 
wear under traffic. 

has 
the 


Production of such rails’ in 


reached approximately 1,000,000 tons. — In 


Europe 


United States and Canada it now aggregates 
about 385,000 tons. Thermal processes of one 
sort or another are now in commercial use in 


practically all American rail mills. 
Quenched and Tempered Rails 


When the the railroads for 


rails capable of greater and greater loads first 


demand from 
appeared, metallurgists naturally began to con- 


Shattered Condition in Head Can Be 


ture. Photo shows cooling box at 


Prevented 
Cooling From Below Recalescence to Near Room Tempera 
Bethlehem 


by 


Steel 


Slow 


| 


sider the feasibility of quenching and tempering 
rails, and thus producing the well-known effects 


of greatly increased hardness and strength. About is about 


3U vears ago various methods of heat treating 
rails began to appear in the technical journals 


and patents. It was soon discovered, however, 


begins at 


is about 1200 
F.. and the center of the head is 15007 F. 
13: 


F.. the surface of the head 


KF. for this materia! 
about 1280°). In the brief 
the very surface laver cools almost instantly 
215 “F., but the center of the head drops at 


that a rail offers special obstacles. Its peculiar 8° F. per sec. This rate at the center js 


cross-section with its unequal distribution of 
metal, its great length, the great mass of metal, 
particularly in the head, and the high carbon 
content, all contribute to the difficulty of effective, 
vet safe, quenching. For vears attempts were 
made to solve the problem with but inaifferent 
SUCCESS, 

Nevertheless the need for rails of higher 
physical characteristics was becoming increas- 
ingly apparent. The present trend is decidedly 
in the direction of higher speeds in train service. 
Under the higher speeds on tracks today, the 
dynamic wheel load sometimes exceeds 100,000 
Ib. At times nearly all of the enormous axle load 
on a pair of wheels is concentrated on a single ment. 
wheel. The entire braking effect at high speed 
may be applied on a small area of contact be- 
tween one wheel and rail, 
amounting to only 0.5 sq.in. 
Under these concentrated 
loads the surface metal of 
the rail tends to flow, a tend- 
ency opposed by the under- 
lving metal, thereby result- 
ing in great tensile stresses 
in the interior of even 
soundest rail head. 

Heat treatment of rails 
effectively meets this present and prospectively greater 
need for high physical characteristics. A practical meth- 
od was developed by Edward F. Kenney, of the Bethlehem 
Steel Co., after a period of experimentation lasting 
some 20 years, whereby the damaging internal strains 
that had caused internal checking are entirely avoided. 
His process is described in U.S. reissue patent No. 17,240, 
and its practical embodiment as practiced by Bethlehem 
Steel Co. involves quenching the rail while cooling from 
mill heat, discontinuing the quench at a definite tempera- 
ture, promptly effecting equalization at an elevated tem- 
perature, and finally subjecting the rail to controlled 
cooling in a box. 

Eprror’s Note: As studied and described by the 
Bureau of Standards the rail from the last pass is held 
until the edge of the base becomes magnetic, then the 
rail is quenched head down in water at 60 to 100° F. for 
about 30 sec. and immediately run into a tempering fur- 
nace at about 900° F. Studies at the Bureau of Standards 
indicate that just before quenching the edge of the base 


of the 
hot-bed, part were given the Kenney heat trea! 


graphs, 


Vicrostructure of Quenched 
and Tempered Rail Appears 
Merely as a Finer Grained Ag- 
greqate When Viewed Under 
Low Power but at 2500 Diam- 
eters the Rail Cooled on the 
Hot-Bed Is Shown to Consist 
of Pearlite, Whereas the Heat 
the Treated Rail Contains Much 
Sorbite, Tougher and Harder 


Tests on 


tained after the rail is removed frem thy 


High Elastic Limit 


nine heats of 130-lb. R.E 


At 


(quel 


aby 
ma 


bat] 


for then the cold surface is reheated from ¢; 
internal heat and the whole rail approaches y 
formity 60 sec. later at about 900° F. (the te 
perature of the tempering furnace) and is }y 
there for about 2 hr. See page 34 for a 
sion of the expected microstructure. 


disc is 


th 


rails are summarized in the table opposite. Par! 


‘ails from each heat were cooled on thy 


The figures, as well as the photomic: 


plainly indicate 
resisting the 
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stresses induced by high 


Untreated, 2500 


their superiority fo: 


tral 


; 
| 
Untreated, 100 
SA 
9 ; 


speed Kenney’s aim was to produce rails in treated, was only 54.8% that of the untreated rail. 
whic e elastic limit was sufficiently high to A special method of heat treating rails in- 
ore minimize or entirely prevent the plastic volving the application of vaporized water 
flow the outer metal of the rail head due to (“Scotch Mist”) to the rail head, followed by a 
the entrated wheel loads. The figures indi- controlled cooling, has been developed by Messrs. 
cate a DUC increase in elastic limit due to heat Sandberg of England. This process is now used 
rreatment. Not only does the greater elastic by most of the rail making plants in Europe, and 
limit inhibit the tendency to plastic flow of the more than 100,000 tons of rails have been so 
outer metal of the rail head but the high elastic made. While this precess has not been used in 
limit of the inner metal enables the steel to resist the U.S., its possibilities must not be overlooked. 


effectively the tend- 


cy of Ge omer Tests on feats, L50-LL. 


metal to flow. Averege Analysis : Carbon 0.74%, Manganese O 
Vioreover, the 
ait has t Treated Vor 
heat treated rail has Heat Treated Not Heat Treated 
far greater life than 
aac > 1-2 > 4 
High Low \Average| Hig: Low |\Average 
treated rail, due to | 
+ + + 
rased resist Je Sf NOL!) 185, 70, 000 / 77, 900 | 1S 000 5.5. ( 
ance to wear. <Ac- Elestic limit 57,000 \12F,700\ 128,700 | 89,000 | G00| 83,5 
tan jn 2in 78) 95 IN 5 
ording to recent re- 0.5 | O.: 
. . eCouction of Bree 95 | 43.0 4.0 | ¥ 
Brine// hardness of heed 547 | 563 | £69 | 
roads the average Permanent set first blon | | 
wear in either high or P orop test 0.66 0.50 | 0.54 | 0.93 | 060 | 086 
low rail, when heat 1Mpect 
| 


The Problem of End Batter 


Under modern service conditions the joint is one 
of the weakest elements of the railway track. Long 
before rails are worn out by the abrasive action of the 
wheels, the joints have usually become loosened by wear 
on the contact surface between the heads of the rails 
and the tops of the splice bars. When the wear has be- 
come too great, rails are taken out of track, the ends cut 
off to remove badly worn parts, new holes drilled, and 
new joint bars installed on the shorter length rails. This 
relatively short life of the rail ends and bars is due in 
most part to the impact of the wheels in passing over the 
joints, especially where battering has formed a depression 
in the smooth running surface. 

Battered ends have been rebuilt by depositing new 
metal from welding rod or electrode, without removing 
the rail from track, and then grinding the deposit to an 
even surface. It is cheaper and safer to prevent or 
minimize this battering by hardening the ends of the rails 
than to attempt to correct it after it has occurred. Several 
methods of hardening rail ends are being used at the pres- 
ent time. 

One method is applied to new rails, immediately 
after laving in the track, where the running surface of 
two abutting ends is brought to the correct temperature 
by an oxy-acetvlene torch and then quenched by means 
of a measured quantity of water. The hardened spot is 


Heat Treated, 2500 >» then reheated to draw the temper. (Continued on p. 102) 
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Heat Treated, 100 
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HUBBING 


for embossing 


jewelry parts 


AND-MADE JEWELRY of artistic merit 
commands a high price, exclusive of the 
value of any gems it may contain, be- 
cause the patience and skill of the artisan who 
made it deserves generous recompense. Similarly 
it is found by the manufacturers of such mass 
production items of personal consumption as belt 
buckles and tie pins that a large portion of the 
cost lies in the preparation, by hand, of the em- 


bossing dies. Jewelry embossing in stainless 
steel or bronze or the more precious metals is 
done cold, and it requires tremendous pressures 
to duplicate a finely cut design. Hence the life 
eth of the dies is relatively short and the question 
of economical replacement is important. 

A similar problem is met in the drop forging 
industry when the number of duplicate parts 
runs into the millions. For relatively short runs 
the die sinker cuts out the shape, intaglio, into 


upper and lower die blocks —as so excellently 
shown in the photographs on page 70 of this issue. 
When such a die is worn beyond allowable limits 
the top must be machined off, down to the bottom 
of the impression and an entirely new one cut. 
The only alternative is to make a die type or hub, 


which is a positive copy of the desired part, and 
z force this hub into a block of steel, thus creating 
Pe the desired impression or intaglio copy. This die 


By G.R. Houghtaling 
Development Dep: 
Hickok 

Rochester, N. 


block is then hardened and mounted in a hamme: 
ready for forging. This process of die typing ( 


hubbing, as we would call it) as utilized by Ford 


Motor Co., was described in detail in an excell 
and practical article by R. H. McCarroll in Mery 
ProGress, July, 1932, wherein he notes that sue! 


a master type or hub is good for the production o! 


200 to 100 forging dies. 

A similar use of hubs is favored by tly 
Hickok Mfg. Co. for the manufacture of jewelr 
dies. A hub is in reality a master or duplicat: 
the article to be embossed. Since all the wor! 
both die making and jewelry embossing, is do! 
cold no problem arises as to shrinkage allow 


ances, but a more serious one arises because 0! 
the reluctant plastic flow of the cold metal unde! 


pressure. Hubs, being always made of steel, ™ 
quire the services of a steel engraver of artis! 
ability and long experience — the prototyp 
the die sinker in the forging industry. 


Making the Hub 


In brief, it is very often found best to 5} 
the greater effort in making a hub, and fro! 


make any number of embossing dies, rep!%!"- 


the latter as they wear or break under the 'nte! 
pressure of use, than it is to sink an inta 
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first step in making hubs is to select a 
vrade of tool steel. It must have the fol- 
requirements: Harden with a very hard 

have great resistance to compression, 

| have toughness and some resiliency. It 
lso gain these requirements without sacri- 
size changes when hardened. We have 
the following analysis to meet all of these 
requirements in the average run of work: Car- 
» 0.65 to 0.75%. manganese 0.50 to 0.607, nickel 
150 to 1.75%, chromium 1.50 to 2.00°7, molyb- 
denum 0.25, vanadium 0.25. 

the hub is first machined in the customary 
way by machine tools to the point where hand 
work becomes necessary. This hand work of 
finishing is most exacting. Experienced hub cut- 
ers or steel engravers have hundreds of delicate 
hisels, punches by the dozen, riffle files, various 
shaped scrapers and intensely sharp gravers 
which are called upon to shape and form the 
stecl hub to an exact and artistic representation 
of the article to be produced by embossing. 

Plastic flow of metal must be kept in mind 
during the design and cutting of these hubs, for 
ihe creation of the embossing die (as later to be 
explained) and the embossing of the jewelry parts 
cause metal to form or flow cold, from a plain 
metal blank or slug into an intricate shape. 

Draft or taper must also be considered, as 
no part of an embossing die may contain an 
undercut which would cause the blanks to 
stick in the die. There are also many other 
things to guard against, such as sharp corners 
ind extremely deep projections. One of the 
secrets of efficient hubs is to produce smooth 
ind true lines, and this calls for the skillful 
use of the multitude of various-shaped punches 
mentioned above. Raised and sunken lines 
or portions may be cut from the steel, but the 
actual finished surface must be burnished 
smooth by driving these lines with a smooth 
tapered punch. Thus the finished hub is as 
smooth as possible; they are, in fact, usually 
oil stoned and polished after they are 
hh irdened. 
\ll the above cutting is naturally done on 
annealed block of the nickel-chromium- 
molvbdenum-vanadium steel. Hardening is 
the next operation. We heat the hub in a pro- 


al 


lected atmosphere, taking about 114 hr. per in. 
or the smallest sections, starting the heat at 
hot over and continuing to about 
lov) FL Hubs are quenched in oil and when 
cold are cleaned and tempered to between 350 
and 100° F. for 2 hr. for each inch of section. 


A die block is now prepared by machining 
any decarburizd surface from a forged block or 
bar of annealed steel. By experience we have 
found one best suitable for our work in coining 
presses; it has an analysis of carbon 0.60 to 0.70%, 
manganese 0.60 to 0.70%, nickel 1.25 to L795, 
and chromium 0.65 to O.85'. 


Hubbing the Die 


An important point is that the die block 
should be large enough in cross-section to resist 
bulging during hubbing. As the hub is forced into 
the die block the volume of hub must be dis- 
placed in some direction. Sometimes cavities are 
cut in the bottom of die blocks to take care of this 
displacement; again, auxiliary reinforcements 
are used to avoid bulging and splitting of blocks 
during hubbing. 

Prior to hubbing the upper surface of the die 
block is surface ground, polished and buffed to a 
mirror-like surface. The hub is next placed 
against the polished die block and by slow pres- 
sure forced into it. There are numerous diffi- 
culties encountered; each differently shaped hub 


presents its own problem. Very often the die must 


Embossing Dies Are Made by Pressing a Finished and 
Hardened Hub (a Finely Finished Replica of the Required 
Part) Into a Block of Alloy Steel. Hub making is the job of 
an expert artisan really an example of steel engraving. 
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be hubbed in successive steps interspersed with 
an anneal — the surface, of course, carefully pro- 
tected from oxidation or decarburization. When 
every minute detail of die has been forced into 
the hub, the external dimensions of the die block 
are finish machined to size. The pressure re- 
quired for hubbing varies with the section and 
area of the hub; a safe average is 200° tons 
per sq.in, 

Hubbed embossing dies should be fully and 
thoroughly annealed before hardening. For 
hardening the die is heated in a protective atmos- 
phere for 1's hr. per in. of the smallest section, 
starting at 8000 BF. and reaching the proper tem- 
perature between 14175 and 1550) depending 
upon carbon content. The steel is then quenched 
in oil and, when cool, cleaned and tempered be- 
tween 375 and 550) FF. Shallow dies should be 
tempered to about 3875) F.; deep impressions hav- 
ing greater displacements of metal are tempered 
ata higher heat, namely up to 550) F. 

Most jewelry parts are made of the various 
brasses, bronzes, nickel-silver, sterling silver and 
gold alloys, and a surface hardness of 70 to 75 
scleroscope meets most requirements. We have 
occasionally made dies for bakelite articles and 
die castings in much the same manner as outlined 
above for embossing dies, namely using a 
modeled or engraved hub. Carburized low car- 
bon steel is usually sufficient for dies for con- 


A 400-Ton Coining Press, an Exampl 
of Several in Use by Hickok Mfg. C. 


densation products such as bakelite. They p 
sent some interesting problems because of 1! 
comparatively large displacement of cold meta 
which occurs when the hub is pressed into the di 


METALS AT ELEVATED TEMPERATURES 
By C.L. Clark and A. E. White 


Condensed from University of Michigan, Engineering Research Bulletin 


F A MATERIAL is to render satisfactory service 

at elevated temperatures, it must have a suitable 
combination of creep strength, tensile properties, 
and impact resistance. [It must also possess stability 
of structure and, under the given operating condi- 
tions, must be able to resist corrosion and oxidation 
to the desired degree. 

Metals at elevated temperatures possess both 
elastic and plastic properties though the plastic 
properties under certain conditions are the pre- 
dominating ones. At these temperatures an elastic 
deformation occurs upon the application of a load 
below the apparent elastic or proportional limit, but 
if the temperature is sufficiently high this deforma- 
tion is not independent of time, as was the case at 
room temperature, but increases as the time of appli- 
cation of load is extended. This increase in elonga- 
tion with time under a constant stress is now com- 


monly known as “creep.” 


The conception of creep which appears to th 


writers to be most in harmony with observed ly 
havior follows: At elevated temperatures at or below 
the equi-cohesive temperature, which is the lowes! 
temperature of recrystallization, the deformation © 
creep resulting from the application of stress over « 
given period is a running balance between the yield 
ing of the material and the strain hardening caused 
by such vielding. At or below this range the strat 
hardening tendencies should predominate and 
tinuous creep will not occur. In fact, the yielcins 
of steel at room temperature when the proportions 
limit is exceeded is in reality a creep phenom 
but unless the stress is sufficiently great, th: 
ormation soon stops as a result of the marked rl 
of strain hardening. 

At temperatures above the equi-cohesiy: 
perature, however, the reerystallization rate es 
the strain hardening rate (Continued on page 
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a warning 


a promise 


T IS PROBABLE that no new development 

of recent years has had a more stimulating 

effect on the imagination of those interested 
in metals than has the working of metal powders. 
Indeed, “powder metallurgy” is at present a term 
to conjure with. 

lt is easy to see why this is so. 

Che startling attributes of a few of the first 
products of this type of manufacture have pub- 
licized the possibilities it affords for departing 
irom the more usual standardized procedures 
and products. The metals tungsten, molybde- 
num and tantalum — hard metallurgical nuts to 
crack have yielded, although not too grace- 
fully, to manipulation in powder form. Uni- 
lormly porous bearing material, hard cutting 
conglomerates, sintered compositions of non- 
alloying components have been produced from 
powders and have displayed such striking and 
unusual physical characteristics as to assure them 
a definite place in the industrial scheme. 

[hese products were not born without tra- 
vail, however. They were perfected, without 
exception, as the result of patient, arduous, pro- 
‘racted and often desperately disappointing en- 
deavor, involving the expenditure of large sums 
money. The statements that “Knowledge after 
the event is always easy,” and that “Problems 


Li] 


TALLURGY 


By Gregory J. Comstock 
Assistant Manager of 
Research and Development 
Handy & Harman 

Bridgeport, Conn. 


once solved present no difficulties” may be ap- 
propriately applied to comments one reads and 
hears about the comparatively simple procedures 
which have been developed for the current pro- 
duction. This apparent simplicity of practice has 
naturally enough encouraged easy speculation as 
to the general application of the powder process 
to many fields of manufacture and the develop- 
ment of a large number of new materials which 
also possess radically different and commercially 
desirable properties. 

To the imaginative uninitiated, who has seen 
powders pressed and sintered in the current pro- 
duction methods, such a general application and 
development presents no great difliculty, either 
from a production or sales standpoint. 

To those who have been more closely asso- 
ciated with the development of these processes 
and who are familiar with the countless unex- 
pected obstacles which have arisen to check their 
progress, such a program of general application 
wears a different aspect. While they doubtless 
have even more confidence in the ultimate use 
and value of the powder process than their less 
directly informed associates, their enthusiasm is 
tempered by the knowledge that judging from 
the past, each new application must be attended 
by a large amount of pioneering endeavor and 
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that the principles and laws which govern the 


manipulation of the powders themselves are as 
yet extremely fragmentary. 

We might, therefore, be expected to advance 
the warning that the application of this new and 
interesting principle of metal fabrication should 
be approached with a knowledge that it is not an 
easy road to travel. While it is not as vet rutted 
by the passage of a great deal of traffic. it is still, 
like an early western wagon trail, far from 
straight, laboriously detouring around unremoved 
obstacles, passing through marshes of unknown 
principles, and at times disappearing entirely, 
making it necessary to blaze a new way if the 
desired objective is to be reached eventually. 

Approached with a true knowledge of the cir- 
cumstances and difficulties which are attendant 
to work in this field, the future may be regarded 


as affording unusual promise. 


Probable Developments 


The application of hard cemented carbides, 
for example, has left a great, and as vet unfilled 
performance differential between tool steels and 
these materials. It seems quite likely that the 
casting process does not afford as logical a means 
of developing intermediate compositions to fill 
the gap between high speed and carbide tools as 
does the sintering of powdered ferrous composi- 
tions, highly alloved by dispersion during that 
operation and subsequent heat treatment. An- 
other example: The investigation and production 
of sintered ductile metal powders suitable for 
special electrical and magnetic purposes is being 
continued with considerable success as to its com- 
mercial application, based upon improved prop- 
erties and results. 

General knowledge with regard to this new 
art is slowly being accumulated. The day is 
gradually approaching when those molded metal 
products will be available which were so light- 
heartedly promised by those who have discounted 
somewhat the time required for this laborious 
accretion, 

It would seem that the future promise of 
this new art may be appraised on the basis that, 
given an opportunity to demonstrate its possibili- 
ties without misrepresentation by over-optimistic 
understatements of the difliculties which are in- 
cident to it, it will open up new fields of con- 
siderable fertility and will afford other new and 
valuable processes and products through intelli- 
gent application — as developed by lots of good 


hard work! 


METALLIC WEAR 


By H. W. Brownsdon 


Condensed from Journal, Institute of \Jete). 


EASUREMENT of wear between ty 


can be brought about by causing the porip| 
of a moving wheel of one metal to come in tir 
contact with a flat sample of another my 
known conditions. The dimension of the 
pression made on the flat sample may then ta 
as a measure of wear, much in the same way as | 
dimension of the impression of a ball or pyra 


is taken as a measure of hardness. 

The conditions of simplicity of apparat 
coupled with accuracy of measurement and the ob- 
taining of quick results, are met by a machin 
a l-in. wheel of hardened steel (diamond penetrat 
779), 0.10 in. thick, with periphery rounded to 0 
in. radius, is turned at 500 r.p.m. in a massive sp 
dle. Pressed against it by lever arm and hanging 
weight is a table to which is firmly fixed a sma! 
plate of the metal to be tested (in these experiments 
of copper or copper alloys). The surface finish 
both wheel and sample was that given by “00” 
paper, the wheel being polished after each test. A 
the tests were carried out under conditions of 
lubrication and at room temperature. 

The author's interest in this subject arose t 
a desire to study die-fouling when drawing | 
brass products. Experimenting in the plant was 
convenient; with the aid of this machine m 
information on the causes and prevention o| 
fouling was obtained. The adhesion of metal to | 
surtace of the steel die is akin to seizing in a bearins 
and the effect of load, speed, lubrication, | 
ture, nature of the non-ferrous metal and thal 
the steel of the die, as well as surtace sm 
of the die, all play some part in the phenom 

A delicate method for detecting touling 
wheel is to run a series of 15-min. tests will 
cleaning the wheel. If the wheel is fouling, U 
length of the impression increases with ea 
Using a light mineral oil as lubricant, th 
containing alloys, brass, and nickel-silver p 


nt 


i 


the most fouling or seizing on the wheel, 
minum bronzes fouled the wheel slightly, w! 
fouling was visible in the case of copper, tin 
and cupro-nickel. 

A soap solution is frequently used to se! 
as a lubricant and coolant in drawing dies, | 


a2 comparison was made between the wear 

with oil and with a soap solution. Whil p 

aluminum bronze, and cupro-nickel gave © 

wear with the mineral oil, the brasses an 

silver showed more. Two main points o! 

emerge from a consideration of these rest 
(Continued on page 100) 
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caused by 


hydrogen 


NTEERNAL cracks often found in special steels 

deformed by hot rolling and forging are 

known by the name of flakes. The name 
comes from the appearance of the fractures of 
the affected pieces; flakes appear as roughly 
round areas with a crystalline grain which, espe- 

ially in heat treated material, is distinctly dif- 

ferent from the surroundings. The cracks are 
offen under strong compression so that it is very 
dificult to find them on machined pieces; they 
are easily discovered by etching, however. 

While the technological methods suitable to 
avoid flakes, or at least to lessen their likelihood, 
lave been known for some time, their origins 
have only been brought to light quite latelv. The 
lirst researchers ascribed them to the presence of 


inclusions, or to the existence of oxidized zones 
abounding in submicroscopic inclusions, or to 
ross defects existing previously in the ingots. 
Aft iaving noticed some correlation between 
lakes and dendritic segrega- 


thers have brought for- 
ie hypothesis that they 
ised by internal ten- 


A paper, somewhat abridged in 
translation, presented before the 
International Congress of Nlining, 


By L. Musatti and A. Reggiori 
Research Department 
Ernesto Breda Machine Co. 


Milan, Italy 


drites during cooling, as these changes take place 
at different temperatures in consequence of this 
segregation. Other investigators attribute them 
to the presence of strong internal stresses arising 
during cooling. 

In checking these hypotheses, our first aim 
was to make sure if some relation existed be- 
tween cracks and non-metallic inclusions. Many 
samples were examined, particularly some that 
abounded in non-metallic inclusions. Long align- 
ments of silicate particles containing sulphides 
were found to be in relation with flakes in a Tew 
cases only. Therefore, while the inclusions pres- 
ent at or alongside the flakes may have consid- 
erable practical importance, because they can 
prevent the welding of same on subsequent forg- 
ing and rolling, they cannot be the important first 
cause. This conclusion has also been reached by 
other competent investigators. 

Next, in considering the supposed interrela- 
tion between flakes and seygre- 
vation, a distinction should be 
made between “great segrega- 


tion” or liquation in large in- 


ue to volume changes Metallurgy and Economic Geology vots and that dendritic segre- 

Ng in cores and bound- held in Paris last year, and repro- vation which is inherent in 

spectively of the den- duced by permission of the Congress the solidification of steel. The 
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in Ingot, Split Longitudinally, Rolled Into 6-In. Blooms. Photos about half size. Note that flakes 
appearing in etched cross-sections do not favor an edge, where ingot segregation still resides 


early opinion that the flakes come from defects 
existing in the ingot, such as piping cavities fre- 
quently found along the axis, is untenable, for 
their position, shape and surface appearance un- 
doubtedly show an origin in the stage of work- 
ing immediately before final cooling, or in the 
cooling itself. The hypothesis that a connection 
exists between flakes and segregated regions must 
be discarded since flakes are generally found in 
an intermediate zone between the axis and the 
periphery. Furthermore, the results of the fol- 
lowing experiment give a direct confirmation of 
this statement: 

A 16-in, ingot was split longitudinally and 
each part rolled to 6-in. blooms, which were al- 
lowed to cool in the air. Both abounded in deep- 
seated flakes, without any relation with the posi- 
tion of the more segregated part of the original 
ingot, now located near one of the sides. This 
fact is clearly illustrated by the macrographs 
reproduced half-size above. 

A certain relation between flakes and den- 
dritic segregation has been observed in many 
cases. Some experimenters deny this relation, 
and others say it is the fundamental cause. We 
believe that this correlation does not exist; if it 
is seen in some cases, it can be attributed to 
chance. As a matter of fact, flakes often follow 
the general direction of the dendritic markings 
on etched surfaces, but just as often they do not. 
Two photomicrographs are reproduced on the 
opposite page from many which show this fact. 
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Until quite recently information about ¢! 
relation between flakes and cooling contain 
nothing more than observations on the speed o! 
cooling. Recently extensive experiments |» 
Houdremont, Korschan and their associates at t! 
Krupp works in Essen, Germany, have shown that 
flakes form in a narrow interval of temperatur 
namely 400 to 600° F. (see Stahl und Eisen, 193: 
p. 297 and 321 and ProGress, July ane 
September, 1935). Similar tests carried out by us 
on nickel-chromium-molybdenum steel hav 
firmed these results. As a matter of fact, th 
temperature of formation of the flakes in this 
steel has been found to be less than 535) F., a! 
though its exact temperature has not been esta! 
lished. The chemical composition of the man 
heats of steel studied comes within the following 
limits: Carbon 0.30 to 0.40°,, manganese 0.10 | 
0.60; , silicon 0.30°, +, nickel 2.7 to ch 
mium 0.6 to 0.8¢., and molybdenum 0.30 to 0.10 

As Houdremont and Korschan pointed 
not one of the previous theories is sufficient 
explain all the phenomena connected wit! th 
appearance and elimination of flakes. We ! 
found, for instance, that while 8-in. blooms cool 
in the air immediately after rolling abounded 
flakes, blooms of the same heat cooled ve! 
slowly to 70° F. were free from flakes — ©) 
when the latter were reheated to 1850) ! 
then cooled in the air under the same con 
as the flaky blooms. No flakes appeared 
flake-free blooms even when such heat 
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is repeated several times. Microscopic 
s did not bring to light appreciable 


ral differences. 

We also attempted to verify the hypothesis, 
as stated by B. M. Suslov in Mera ProGress for 
Mav, 1935, that segregated regions transformed at 
widely different temperatures and thus caused 


overpowering internal stresses. Experiments on 


6-in. blooms of the Ni-Cr-Mo steel were therefore 
performed as follows: 

a) Immediately after rolling two blooms 
were cooled in the air to room temperature. 

‘b) Two blooms were cooled in the air to 
too high for residual aus- 


535 (that is, any 


tenite in the segregated zones to turn into mar- 
tensite) and then slowly reheated to 1100° F., 
kept at this temperature for 2 hr. so that all aus- 
tenite could transform and temper, then 


cooled in the air. 

fc) The same as b, except that the blooms 
were cooled from 1100° F. in the fur- 
nace, and then in the air. 

(d) Other blooms were put in the furnace to 


to F. 


Hep, 


to the conclusion that flakes can be attributed to 


hydrogen present in the material. The mechanism 
seems to be very simple, since the solubility of 
hydrogen in iron becomes less with falling tem 
The free gas causes very high 


perature, pres 


sures, Which in certain conditions can overcome 


the material's resistance and cause cracks in it. 
For the purpose of direct proof, Bennek, Schenck 
and Miller 


metal and then, 


introduced hydrogen in the molten 
to keep a suflicient quantity in 
solution, they used small ingot molds of special 
shape, as well as other devices. This gas can 
also be introduced into solid steel by prolonged 
heating in an atmosphere of hydrogen. By fol 
lowing this idea we succeeded in producing flakes 
in steels of different compositions that were com 
pletely free from them. 

In the first experiment a 2-in. round bar of 
chromium-nickel-molybdenum steel was heated 


to 2100° F. for 7 hr. in a current of hydrogen, 


after which it was cooled calm air. An end 
broken from it did not show any flakes. The 
rest of the bar was treated in the same way for 


? ik 
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Dendrites in Flaky Steel, Etched With Oberhoffer’s Reagent and Magnified 10 Diam. In 


one sample the cracks appear to follow dendritic 


volslowly immediately after rolling was finished. 
Only those blooms d that were cooled slowly 
down to room temperature were found to be free 
‘rom flakes; all the others were affected. 
Seeing that the temperature of flake forma- 
likely that they can be attributed to heat stresses. 


lon was less than os it does not seem very 


the time-temperature curves we took on the sur- 
face and in the middle of these blooms cooled in 
the differed by only 25 to 35° F. 
m cracks, 

ecently, 


too small 


German experimenters have come 
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segregation; in the other they do not 
another 7 hr. and another part detached and 
examined; it was also found to be free from 
flakes. After a third heating of another 7 hr., the 


bar was found to be affected with flakes as shown 
in the left-hand photographs on page 1. 
The test was repeated with a larger bar of 


the same steel. When heated for 28 hr. in four 
periods of 7 hr. each, following each other, and 
cooled in the air after each heating, this bar was 


found to abound in flakes. Some fractures of this 
piece are shown in the same figure. 


While flakes were not found in the first ex- 


Page 


periment after 7 hr. in hot hydrogen, some takes pave oo, they do not often exceed O.10 iy diy 
were found in later tests even after heating for eter in the carbon steel, but they are rath.» py. 
7 hr. This gives rise to the idea that repetition erous. They become larger and very 1 r 
of the heating does nothing else but increase the indeed in the nickel-chromium steel; t ils 
number of the flakes until they reach such a tend to localize in an intermediate stratuny se 
quantity as to be found nearly everywhere. ral millimeters below the surface. The p!| r 
It may moreover be non, already serious, becomes mo; 
thought that a rather so in the nickel-chromium-moly} 
long time is required for a ~~ denum steel; here, as a matte 
the hydrogen to reach fact, it has literally disintegrate, 


the deepest parts of the the piece except for a_esleev 


piece, and the deepest sound metal. None of the la 


strata enriched with hy- cracks went to the surface of 


drogen are the most 


suitable to give flakes, 


Bars of Nickel-Chromium-) 
num Steel, Originally Sound, 
Flaky by Heating in Hydrogen at ?1 
and Cooling in Air, One disk att 
heat treated to refine grain and e1 
coarsely crystalline appearance 


because it) should be 
easier for the gas to dif- 
fuse from the more su- 
perticial strata before it 
can build up) pressure 
suflicient to crack the 
piece. These considera- 


tions also explain the 


noted fact that flakes 


except extremely 


lay diffusion and elimi- 
nation of the hvdrogen 9Jn. Bar Heated 1 Iir 


form in the more or 

less deep-seated zones. 
It is interesting to point out that the material used 
* in these experiments came from 6-in. blooms containing 
Nakes which completely disappeared in rolling them to 
2-in. billets cooled in air. Round bars forged from 
these billets were also entirely free from flakes. There- 
fore flakes are re-introduced into the steel by the action 
of hydrogen. Contrary to what happens with the hy- 
drogen, heatings in nitrogen at 21007 BF. (which we have 

repeated to a total of 50 hr.) caused no flakes. 

Similar experiments were carried out on 2's and 
3-in. evlinders of high grade carbon steel car- 


bon), a nickel-chromium steel with 030°, carbon, 2.5% 
nickel and O.85', chromium, as well as another nickel- 

j 9%) Bar Heated 28 Hr. 
chromium-molvybdenum steel of the same general an- 


: alysis as quoted at the outset. Three evlinders were 

heated at the same time in a current of hydrogen, piece, except one on a base of the eyiince! 

7 namely, one of each of the steels, so that the experi- After annealing in a current o! 
mental conditions could be strictly comparable. Finally gen at 2100° F. for 7 hr. followed }y 
each evlinder was heat treated to refine the grain and quenching in water, neither super! 
make the flakes more evident. Disks about *. in. thick nor internal cracks were found in an) 
were then cut for pickling and for cross breaking. the three samples examined. The fre 

After annealing in a current of hydrogen at 21007 F. tures made during testing were tf: 

for 7 hr. followed by quenching in water, flakes ap- be normal and fine grained. 
peared in all three steels, but in different wavs and to Annealing in a current of hyd: 
different extents. As shown in the upper macrographs 2100) F. for 5 hr. followed by part! 
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Carbon Steel 


Various Susceptibility of High Grade Steels to 
iffer 7 Hr. in Hydrogen at 2100 


n the furnace in a current of nitrogen, taking 
7) min. to reach 13007 F., and then quenching in 
numerous flakes in all the three 
This treatment was to relieve the 


water caused 
steels studied. 
heat stresses connected with extra-high quench- 
v and to see if in this temperature interval the 
liffusion of hydrogen from the inside could in- 
the formation. The flakes were found to 
be less numerous although they retained a con- 
siderable sizes Evidently the cracks did not take 
during hardening from abnormally high 


4) 


place 
lemperatures, 

For the purpose of studying the effect of tem- 
perature the steels were annealed in a current of 
hydrogen at for 7 hr. and quenched in 
walter, The appearance of the sections after mac- 
rographic etching ts illustrated at the bottom of 
Flakes formed only in the alloy steel. 


this page. 


Nickel-Chromium Steel 
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Nickel-Chromium-Molybdenum Steel 


Flake Formation 
F., Followed by Water Quench 


The greater sensitivity of nickel-chromium-mo- 
Ivbdenum steel than nickel-chromium steel is evi- 


though they are numerous in the latter, they are 


dent; large cracks are present in the former; 


only a few millimeters in mean diameter. 

The three steels were also annealed up to 30 
hr. in a current of hydrogen at 1475) and up 
to hr. at 7500 F., 
No flakes were obtained in 


in all cases followed by 
quenching in water. 
any of them. 

Experiments carried out after the publica- 
tion of the original paper have demonstrated that 
fiakes are also formed by annealing in a current 
of hydrogen diluted with nitrogen, and the sen- 
sitiveness of the steels tested to the formation of 
flakes the dilution of 
hvdrogen. 

A summary of the results indicates that hy- 


decreases according to 
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Carbon Steel 


innealing 5 Hr. in Hydrogen at 1850 F. 


Nickel-Chromium Steel 


Is Insufficient te 


Nickel-Chromium-Molybdenum Steel 


Flakes to Form in Carbon Steel 


Cause 
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drogen causes flakes to form in solid steel. The 
observations and experiments also exclude the 
other hypotheses brought forward in the matter, 
such as dendritic segregation and cooling stresses, 
not only as fundamental causes, but also as ac- 
cessory causes. In other words, flakes have been 
formed in pieces free from flakes, free from a 
marked dendritic segregation, and in small pieces 
reduced largely in size by hot working. 

Flakes form when pieces very rich in hydro- 
ven are cooled very quickly. One can therefore 
infer that it is very difficult if not impossible to 
fix completely this gas in the metal in the solid 
state. Likewise absorption of hydrogen, which 
is considerable at a high temperature, decreases 
quickly when the temperature goes down, so that 
at 1475 F. the quantity absorbed even after 30 hr. 
is not sufficient to crack the material. 


Gas Analyses Are Inconclusive 


Actual analysis for hydrogen does not give 
conclusive results. For instance, some analyses 
of a nickel-chromium-molybdenum steel are as 
follows: The steel as received without flakes con- 
tained 0.00009") hydrogen. After annealing in 
hydrogen at 2100) PF. for 14 hr. and cooling in 
air, the sample was free from flakes and con- 
tained hydrogen. Another piece an- 
nealed in hydrogen at 21007 F. for 21 hr. and 
cooled in the air had abundant flakes yet an- 
alyzed only 0.00006°, hydrogen. Longer anneal- 
ing (28 hr.) increased the hydrogen to 0.00010°. 
The steel, annealed for 7 hr. in hydrogen at 2100 
FF. and quenched in water, contained abundant 
Nakes and had much more hydrogen, namely 
0.00050',. These contents are extremely low and 
remarkably uniform both before and after an- 
nealing, if air cooled, no matter whether flakes 
are present or not. The value is higher in the 
hardened piece; however, it is less than the figure 
given by Sieverts, Luckenmeyer-Hasse and 
Schenck for saturation at 2100° F., namely 0.00070 
to 0.00090", , and nearly nil at room temperature. 
Hence our values lead to the conclusion that slow 
cooling, such as to avoid the formation of flakes, 
or air cooling with the formation of flakes, elimi- 
nates hydrogen almost totally, but quick harden- 
ing in water fixes a good part of it. 

According to the calculations of Lucken- 
mever-Hasse and Schenck the pressure developed 
by hydrogen content can reach very high values, 
varying directly with the hydrogen content and 
inversely with the temperature. In practice, how- 
ever, flakes form only at temperatures between 


100 and 600° F. This can be explained ¢ \{her | 
admitting that the initial hydrogen 
such that the bursting pressure on dissoly 
overcomes the strength of the metal only at 4 
temperatures included in that interval, or, 
glecting any consideration of the initial hydrog 
content, (provided it is over a determined lin): 
by supposing that some other phenomenon tak 
place causing conditions wherein the metal cracks 

Researches by Jaquerod and Gagnehin 
the speed of diffusion of hydrogen in iron hay 
shown that there is a discontinuity between 
and 600° F. in which diffusion suddenly decreas. 
500-fold. If the iron had previously been heate 
in hydrogen above 1650° F., the drop is s 
greater; the iron passes from a permeable sta! 
to an impermeable state since the drop in {| 
speed of diffusion is in the ratio of 10,000 | 
It is logical to think that the two phenomena 
closely connected because they take place in | 
same temperature interval. 

The mechanism of flake formation co 
therefore be the following: The metal can « 
tain a larger quantity of hydrogen at high te 
peratures than that which is necessary at low 


temperatures to develop a bursting pressure, | 
as long as the rate of diffusion is high, this pres 
sure cannot locally reach values such as to p 
duce cracks with the usual speeds of cooling 

When the temperature is reached where 
metal suddenly becomes impermeable, the hy« 
gen, except during extremely slow cooling, « 
velops all its pressure locally and flakes at 
formed. The hydrogen can then escape throug! 
these cracks and will not show up in a gas a! 
alysis except when the cooling has been so quic 
as to fix a part of it in solution in the steel. 

Our experiments on the three types of ste 
also show their enormous difference in sensitivil) 
to the formation of flakes, and the influe! 
which chromium, nickel and molybdenum ha) 
on it, and explains why flakes were first seen 
nickel-chromium steels. 

Since hot steels absorb hydrogen so eas! 
not only during their manufacture but also 
later heating in atmospheres containing mor 
less of this gas, it is apparent that it must be kep! 
in mind in appraising many of our mode! 
processes. Bright annealing is frequently ¢ 
in atmospheres high in hydrogen; copper brazins 
so-called, is another such process. Hydrogen 
leased during pickling also produces brittlen 
either permanent or temporary. Evident!) 
gas in steel must be restricted to limits t!i« 


al 


exceedingly low if harm is to be avoided 
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FREE! Send for our handy celluloid vest pocket 


size “ Hardness Conversion Table.” Quickly gives 


approximate relation between Brinell, Rockwell 


and Shore hardness values and corresponding 
strengths of Nickel Alloy Steels. Address Dept. 8Fa 


Although Nickel Steels were the first alloys to be used in com- 
ercial quantities for mechanical applications, they have kept 
reast of modern engineering developments and are extensively 

d in all forms of modern transportation. 
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Progress of Fusion Welding 


ARIS, Franc Considerable progress is be- 

ing constantly made in the various processes 
of joining metals by fusion welding, not only in 
the welding methods, but also in the materials 
and equipment used. The logical consequence 
will certainly be an extension of welding appli- 
cations throughout industry. 

France consumes about 50 million are weld- 
ing electrodes per year, corresponding to the 
deposition of about 1600 tons of metal. Oxy- 
acetylene welding, in 1930, consumed nearly 
100,000 tons of calcium carbide, which means 
that the processes are about equal in importance. 
Progress has been considerable since 1920, for 
instance, when 46,000 tons of calcium carbide 
were used. 

lo make a_ satisfactory welded metallic 
structure or machine part it is necessary to 
choose first the proper welding process are, 
acetylene, resistance, thermit for each has its 
distinct and well-defined field of application. 
rhe process having been determined, the method 
and equipment most appropriate to the intended 
application of the part must then be adopted. 
Metallic structures which are submitted to no 
particular loads do not require the same quality 
of weld as is essential for pressure vessels, for 
instance, which must withstand high tempera- 
tures, shock, corrosion and stress simultaneously. 

\ particularly interesting oxy-acetylene 


method known as “double bead vertical welding” 
(soudure montante a double cordon) has been 
invented and put into practice at the Central 
Bureau of Autogenous Welding in France. It 
is intended especially for steel construction where 
safety and sound joints are imperative. Simple 
visual inspection during the process indicates 
the quality of the joint. A sketch on the next 
page illustrates the principles. 

The edges of the pieces to be joined are 
brought into position and the assembly placed 
so the seam will be vertical. A hole a few milli- 
meters in diameter is melted through at the bot- 
tom edge of the abutting pieces; this small hole 
must be maintained during the course of the 
operation, being continually melted ahead of the 
ascending blowpipe. In this way the total thick- 
ness of the plate is fused through, and a second 
continuous bead appears on the rear side when 
the welding is correctly executed, as well as a 
ripple weld of normal appearance on the opera- 
tor’s side. 

The use of this method avoids adhesion, for 
the top edge of the flame goes through the hole, 
sweeping out slag and oxides that appear at the 
surface of the ‘molten metal. Neither does the 
flame impinge on the sides of the welded joint, 
heating them unnecessarily. This method is ex- 
cellent for joining thin plates averaging '. to 
in. thick. 

Modifications have also been devised for 
thicker plates, requiring two operators working 
simultaneously on each side, and each flame 
penetrating half the thickness. This method is 
also indicated in the sketch below. 

Numerous applications of this new method 
have been found: More than a million cylinders 
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for compressed gas, some gas holders, and a num- 
ber of large pressure vessels. Locomotive frames 
made of 1!y-in. plate have also been repaired, 
using the method where two operators work from 
opposite sides. 

Electric are welding has also shown remark- 
able progress in recent vears. A wide choice of 
electrodes applicable to almost any tvpe of work 
is available. Heavy slag-forming coatings and 
volatile or semi-volatile coatings have been de- 
veloped, providing excellent properties the 
deposited metal. A fine piece of work was re- 
cently completed with them a fractionating 
tower for oil cracking, 75 ft. high, 9 ft. diameter 
and 66 tons weight. It is made of 1!s-in. steel 
plate (tensile strength 65,000 psi.) entirely welded 
by the metallic are process. After welding, it 
was normalized for stress relief in a large and 
appropriate furnace. 

Among other interesting constructions, we 
may note the housing project “Cité de la Muette” 
at Drancy in the suburbs north of Paris. It com- 
prises three important groups of buildings; the 
whole contains 1200 dwellings to accommodate 
4000 to 5000 persons. These buildings have a 
frame made of bent and welded steel plate, in 
standardized pre-fabricated sections. Walls are 
constructed of reinforced concrete slabs poured 
into metallic molds in a central vard. These are 
taken to the site and affixed to the frame by weld- 
ing at the reinforcing, which projects from the 
four edges. 

These few examples, taken various 
fields, indicate the rapid and continued progress 
in the technique of fusion welding, 

France has not yet constructed any com- 
pletely welded bridges, such as those built by 
some of the other European countries. However, 
some interesting work has been done in the re- 
pairing and reinforcement of existing ones. 

ALBERT PORTEVIN 
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Double Bead Vertical Welding. plate up to 
a small hole, completely perforating the joint, is 


above the flame; in thicker plate (up to 1 in.) 
acetylene blowpipes work from opposite surfaces simultaneously 


1 


thick, 


Uhtra-Sound Waves for 


Locating Inner Defects 


ROSNY, U.S.S.R. Much has been 

about the use of X-rays and gamma-rays | 
discovering hidden defects in’ metal prod 
weldings and assemblies. It has such great 
nical importance that the similar use « 
penetrating rays warrants investigation. 

It is known, for instance, that ultra-s: 
waves (or, better, supersonic vibrations) 
transmitted through almost any amount of lig 
or solid at characteristic velocities. Such: vilps- 
tions are used, for instance, for sounding in lak 
and in the sea. Modern passenger liners an 
warships have automatic devices where the cap- 
tain is continually informed of the soundings | 
a measurement of the time for the echo to retu 
of a supersonic wave, emitted from the ship's 
hull. Consequently S. J. Sokolov of the Soviet’s 
Central Radio Laboratory has proposed that su 
waves be used to examine metal. Whil 
project is still in the developmental stage, it 
sufficient promise and interest to warrant a 
liminary note. 

It should first be proper to describe h 
such rapid vibrations, of frequeney far aboy 
that which can be detected by the ear, are excit: 
For this I quote from “Modern Physics” by ©. | 
M. Jauncey. 

“A crystal of the mineral quartz (SiO) has 
the shape of a hexagonal prism with a hexago! 
pyramid at each end. The line connecting t 
apex of one pyramid to the apex of the pyran 
at the opposite end is known as the princy 
axis. In addition to the principal axis ther 
three electrical axes perpendicular to the pri 
cipal axis and at an angle of 60°, each to each 

“If a slab of quartz is cut with its thickness 
parallel to an electrical axis and this slab is sul 
jected to pressure in the direction of its thict 
ness, one face becomes 
charged positively anc 

other negatively, and 1! 

developed a difference of el 
trical potential betwe 

two faces. If, instead 

pressure, a tension ts 

a negative charge is de. 


on the first face and a | 


ction charge on the second 


ris 
ry 


This phenomenon is ki 


the piezoelectric effec 


maintained 
“On the other han 


two OXY- 
two faces of the quart 
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ith metal conductors and a difference 
ial is set up between the conductors by 

s. a contraction or expansion (depend- 
the direction of the potential difference) 
ced in the quartz plate. This phenom- 
lLnown as the inverse piezoelectric effect. 
i alternating voltage is applied to the 
late, the plate alternately contracts and 
is so that elastic vibrations are set up. If 


eX] 
sueney of the elastic vibration is equal 
equency of the alternating voltage, vibra- 
large amplitude are set up in the quartz. 
Violent oscillations may be set up in a quartz 
slate | em. thick in the direction of the electric 


IXiS electrical impulses occurring at the rate 
X87. per sec. or any multiple thereof, 
“Because of the piezoelectric property of 
quartz and because of the fact that quartz plates 
can be set into violent oscillation by the applica- 
ion of an alternating frequency, quartz plates 


are used to stabilize the frequency of electrical 
oscillations in radio circuits.” 

Prof. Sokolov has experimented with beams 
of supersonic waves of 500,000 to 1,200,000 vibra- 
tions per second. Such a beam passes freely 
through uniform metal, but is reflected and dis- 
persed when sudden changes in “accoustic hard- 
ness” take place for example, at the surface 
of the metal in air or at discontinuities within the 
body of the metal. 

the problem of making ultra-sound waves 
visible is not insoluble. For this purpose the rip- 
ples on the quiet surface of transformer oil may 
be observed, ripples occurring when supersonic 
waves are emerging. These ripples can be seen 
if the surface of the metal object is coated with 
transformer oil, or it is dipped bodily into a 
tray of oil. Transformer oil is a good conductor 
lor ultra-sound waves and the latter, on their 
passage through the metal-oil interface, alter 
their intensity but little. (Liquid mercury is also 
an excellent’ transmitting medium.)  <An_—un- 
dampened ultra-sound ray produces a multitude 
! minute ripples on the surface of the oil or mer- 
ury and these are absent where the ray is damp- 
ened. Oil ripples may be readily photographed 
in light reflected at a rather flat angle when the 
requeney is above 100,000 per sec., even when 
heir intensity is very small. 

‘periments are progress to show. the 
scisitivity of the process that is, the size of 


. 


det Which will produce a “shadow.” Appar- 
there is no limit to the length of metallic 
pat Supersonic waves were easily observed at 


end of a steel bar 27 in. long. In another 
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experiment four steel evlinders each 10 in. high 
were placed one upon another so that the total 
height made 10 in. The surfaces of contact had 
been oiled, and penetration of ultra-sound waves 
through the length of the four evlinders has been 
observed. When the abutting surfaces were not 
oiled, waves did not penetrate. 

In order to get an idea of the width of in- 
ternal defect that might be discovered, two metal 
plates each 1 in. thick were placed with their 
dry surfaces one upon another. These surfaces 
had first been ground to an accuracy of 0.0002 in. 
Ultra-sound waves did not pass through both the 
plates except when the surfaces had been oiled. 

In these experiments the vibrating quartz 
crystal is immersed in oil so that the principal 
beam is directed vertically. Immediately above 
it is a suitable ball bearing upon which rest the 
parts to be tested, 

B. M. Susnovy 


Evaluation of Toughness Under 
Low and High Speed Loadings 


PRINGFIELD, Mass. 
scientifically undefined, has commercially 


Toughness, although 


been associated with plasticity. Thus the elonga- 
lion or reduction of area in the tension test, the 
angular deformation in the torsion test, the de- 
flection in the transverse loading test and the 
common bend test are generally interpreted and 
used as measurements of toughness. However, 
as pointed out by Heindlhofer, these various test 
methods produce different relationships between 
normal and shear stresses which may result in a 
single material being tough in one test and brittle 
in another, when judged by plasticity. 

In the Charpy and Izod impact tests at least 
three distinct components influence the absorp- 
tion of energy which, subtracted from the kinetic 
energy of the moving pendulum, gives a com- 
monly used measurement of toughness. These 
tests appear to have very restricted usefulness, 
particularly on hard steel, since they do not per- 
mit separate evaluation of these three com- 
ponents — strength, plasticity and participating 
volume — and they are furthermore applicable 
only under notch conditions of precise shape and 
size. 

In the light of experience in the shop, it is 
difficult to avoid the conclusion that high tough- 
ness (as defined in the first paragraph), par- 
ticularly in tool steel, not only is undesirable but 
many times is the chief cause of failure. This 
condition arises from the apparent impossibility 
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of increasing toughness in a single material with- 
out a corresponding sacrifice of strength. The 
one exception seems to lie in the hardening of 
steel, not by ordinary quenching and tempering, 
but by the direct transformation method of Bain 
and Davenport, wherein the metal is quenched 
in a heated bath at, say, 600° F. This method, 
however, has limitations as to mass. 

As examples where high “toughness” has 
been the sole cause of failure, we might cite three 
not uncommon cases: (1) Punches which upset; 
(2) striking dies whose impressions sink; and 
(3) drills and taps which distort angularly. 

The ability to absorb energy under dynamic 
conditions without fracture is obviously a very 
desirable Recently H. C. Mann of 
Watertown Arsenal has shown an excellent meth- 
od of evaluating this property up to certain 
limited velocities of testing (see Progress, 
March, 1935). 
in tension, using the actual stress in the least 
diameter or neck of the specimen and measures 
the area between the curve, the horizontal axis, 
and the vertical ordinate at the point of breaking. 
between area 


property, 


He constructs a stress-strain curve 


However, this relationship 
under a corrected stress-strain curve and energy 
absorbed in an impact test holds good only up to 
certain velocities of impact. Passing this velo- 
city, the ability to absorb energy or shock falls to 
very low values, in spite of the fact that the metal 
continues to possess high “toughness.” Under 
loads delivered at high speeds the capacity of 
most materials to absorb energy is therefore in- 
dependent of “toughness,” as usually interpreted, 
and while “toughness” is not categorically shown 
undesirable, it definitely is not conducive to im- 
proved values and will not serve for selection of 
materials or heat treatment for locations where 
high speed loading must be resisted. 

Under static or low speed loads, toughness or 
plasticity is a major component of the capacity 
to absorb energy. Moreover, it is to be remem- 
bered that an increase in either strength or plas- 
ticity (toughness) results in an increase of this 
capacity to absorb energy. Unfortunately an in- 
crease in either strength or plasticity generally 
results in a reduction of the other factor. More 
unfortunate is the fact that if an attempt is made 
to increase this capacity to absorb energy at 
more than 20 ft. per sec. by appreciably increas- 
ing the toughness (plasticity), a different sort 
of failure will result. 

Virtually all reported tests of mechanical 
properties, with the exception of those by Mann, 


most certainly fall in the static or low speed 


classification. Static tests include those jp hee. 


sion, torsion and transverse loading, while joy 
speed loads embrace the Charpy, Izod and toy. 


sion impact (all less than 20 ft. per sec.) ang 
no information that cannot be gained under stat) 
conditions is vielded by the latter. 

These three ordinary impact tests perm) 
only integrated values and vield no relative jy. 
formation on strength and toughness. 
measurements are used as an index to selection) 
or heat treatment, it is conceivable that materia). 
capable of accommodating themselves to the Joad 
without fracture could be selected, but to under- 
go this load successfully, the material might plas 
tically distort a prohibitive amount. The hig! 
toughness component which has contributed to 
high figure of energy absorption has caused 
failure in being utilized. 

It is not implied that the properties of glass. 
combining high strength with negligible plas 
ticity, are desirable. Inasmuch as capacity t 
absorb energy is measured by an area limit 
by the two components stress and strain, plasti 
and elastic flow of more than an_ infinitesimal 
amount is necessary to avoid extremely low areas 
even with tremendous strength. 

This discussion suggests three fairly tenab! 
conclusions which are supported by the sma! 
amount of available evidence: 

1. That static or low speed tests showing 
high toughness or high energy capacities are | 
only unreliable but misleading indexes for ap 
plication under really high speeds. 

2. That for static or low speed applica: 
only those tests which permit of separate evalua 
tion of the several mechanical propertics at 
helpful, since several types of failure are poss! 
ble. The fallacy of using the product of und 
termined individual components is obvious 

3. That both static and high speed velocity 
tests are essential to reveal the true capacities 
the material. 

Ropert 5. Kos! 


Selective Nitriding 


There is an increasing nuh 


URIN, Iraty 


ber of cases where nitriding is applied to me 


chine elements of complicated design, tn Wiic! 
certain well-defined portions of the surface mus 
be protected against nitriding. 

mired, a 


When absolute protection is not req 
paste containing finely pulverized lead and 
may be used. It will give satisfactory 
from the point of view of the exact limita! 
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tected areas, provided the layer of paste 


uniform and not too thick. 
: when complete protection is required, 
of a tin coating becomes necessary. Many 


th 
trials have shown that the application of tin in 
the lten state either by dipping the part to 
be protected in molten tin, or by applying the 
tin with a soldering iron may cause many 
serious difliculties, mostly due to the impossi- 


hility of obtaining a perfectly uniform layer, not 
meine ding certain limits in thickness. An excess 
is likely to spread outside the boundaries of the 
originally coated surface when the piece is hot. 

Practically all these inconveniences can be 
avoided by electrolytic tin deposits, as proved by 
extensive experiments made recently on some 
especially delicate operations. The best results 
have been obtained with acidulated solutions of 
stannous chloride or sodium stannate. | Hother- 
sall and Bradshaw recommend alkaline sodium 
stannate for its high throwing power; see Meta 
Progress, January, page 39. — Ebrror. 

The surface of the pieces to be nitrided 
after the usual complete cleaning of grease, rust 
and scale is coated with a resinous varnish on 
those areas that must be nitrided and, therefore, 
to be protected from tinning. The pieces are 
then treated for about a minute in an electrolytic 
alkaline bath to take off last traces of grease. 
An imposed potential of 6 to 8 volts, with a cur- 
rent density of 60 to 70 amperes per sq.ft. (6 to 
7 amp. per sq.dm.) is suitable. The pieces are 
then washed in running water, and attached to 
the cathodic terminal in the tinning bath. 

When operating under a potential of about 
3 volts and with a current density of 5 amperes 
per sq.ft. (0.5 amp. per sq.dm.) the penetration 
of the tin and the thickness of the coating ob- 
tained in about one hour is suflicient for com- 
plete protection against nitriding, and at the same 
lime avoids any danger of an excess of tin. 

The pieces are then washed in boiling water 
in order to remove the varnish from the areas to 
be nitrided, dried, and put in the nitriding box. 

One of the greatest advantages of this process 
lies in the fact that it will protect, locally, well- 
defined small areas’on the steel surface, even 
when these parts are located in places like the 
interior of small holes where the use of a solder- 
‘ng iron is difficult or even impossible. An im- 
portant example is the selective nitriding of cyl- 
inders for pneumatic tools or small gas engines, 
Where inlet and outlet ports must be finished 
by m ichining after hardening. 

Feperico 


Gage of Metal for Enameling 


ASHINGTON, D. C. The subject of the 

proper gage of enameling iron to use for 
various products is one that has caused almost 
as much discussion and as many headaches as 
the subject of de-enameling. A recent editorial 
note in Mera ProGress was absolutely right in 
saving that the chiselers will be the greatest 
enemy of the young steel plumbing ware in- 
dustry. 

A few vears ago a conference of enamelers 
was held at one of the large universities. One of 
the subjects for discussion was “Chipping.” Dur- 
ing the course of the meeting the representative 
of a large kitchen ware plant which had adver- 
tised its ware extensively was asked to comment. 
He stated that the success of his company with 
the better grade of ware was due to the heavy 
gage of steel that was used as a base. Eighteen- 
gage was used for this better ware, while 24 and 
26-gage was used for the cheaper products. Then 
he made this cryptic statement: “If the kitchen 
ware people had used the proper gage of metal 
in recent years they would have produced a much 
better product, sold only slightly less number of 
pieces, and made a much larger profit.” Further- 
more, in my opinion, they would have helped to 
minimize rather than accentuate the chipping 
problem, which is always confronted to some ex- 
tent in porcelain enameling. 

It is understood, of course, that many other 
factors are required to produce a_ satisfactory 
enamel on steel sheets. Assuming that the metal 
surface is properly prepared and the enamel is 
right, I believe that a relatively thin coating of 
enamel (0.015 to 0.025 in.) will not chip unless 
the metal base is stressed to the point where it 
actually deforms. Of course, this deformation 
may be very slight, but the metal must be moved 
bevond the point to which it would naturally re- 
turn when the strain is removed. That, to my 
notion, is the secret of the success of cast iron 
as a base. 

The enamel industry is pretty busy in its 
own research problems with the chemistry of 
enamel application, and being a small industry, 
cannot afford much work on the fabrication of 
steel, or its proper surface texture. Vitreous 
enameling of steel presents the one time-tested 
method of preventing rust. By the use of enamel, 
new markets will be opened for sheet steel that 
may help to absorb the product of the many new 
continuous mills. 

CHanLes S. PEARCE 
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of a low alloy steel 


(medium manganese) 


BRASION has always been a problem and 

a source of much trouble in poorly lubri- 

cated bearings on moving parts, and in 

all equipment handling abrasive materials such 

as coal, coke, ore, sand and gravel. Replacement 

of worn parts is a serious economic factor in 

many industries, both on account of the cost of 

the renewals and the losses incident to interrup- 

tion of operations while making repairs. Vari- 

ous materials, metallic and non-metallic, have 

been tried where abrasion is severe some 

proving a success under particular conditions 
but a failure under others. 

In the selection of materials for parts ex- 
posed to abrasive forces, it should be borne in 
mind that the hardness, as represented by Brinell 
number, or the tensile strength is not truly indic- 
ative of its durability. As an example of this 
fact, wear or abrasion tests made on different 
stecls under one set of carefully standardized 
conditions have shown that one of them, having 
a Brinell hardness and tensile strength approxi- 
mately 50% as great as a second one, had 76‘ 
the resistance to abrasion. A third steel, with 
10°, higher tensile strength than the second men- 
tioned, was only 83° as resistant to abrasion, or 
only 7‘. better than the first steel of less than 
half its tensile strength. It is therefore evident 


that factors other than the ordinary physical 


By F. A. Wickerham 
Metallurgical Department 
Pittsburgh District 
Carnegie-Illinois Stee! Corp 


properties determine the ability of a ste 
resist wear or abrasion. 

While there is no general agreement amon, 
metallurgists as to what these special factors a 
(nor, in fact, agreement among testing engineers 
as to the best way to measure wear resistance 
the following theory by W. A. Wissler is 
illuminating: 

“The local temperatures developed by « 
ting or friction are much higher than is com 


monly believed. Cutting edge temperatures 


tools at work can be measured by using tlic to 
and billet as the two elements of a thermocoup! 
and such measurements have shown tempera 
tures over 1100 ° F. Other tests under conditions 
more nearly approaching those existing pl 
duction shops, have shown even higher tempe! 
tures. It is obvious that alloys that rem 
harder under such conditions will permit taste! 
and more severe operating conditions anc 
Although muc! 


difficult) (or often impossible) to measu! 


also have a longer life. 


surface temperatures developed in a crus 
by abrasive wear are probably equally ! 
“The mechanism of wear may thus bh: 
explained by saying that the molecules o! 
forming the surface or edge become soll 
heat and are torn or worn away while 


tively soft condition. This will also exple 
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measured at room temperatures is not 
indication of the ability of the mate- 


it 


esist wear. Hardness at a red heat 


ve difficult to measure is doubtless a 


riterion.” 

iempts to increase resistance to abrasion 
not only selection of material but also 
treatments. Among the materials used to 


\ 
brasion are chilled and alloy cast irons, 
r invanese and other alloy steels, and hard 
rous alloys and carbides, sintered or 
\ tovether. Parts made of common and 
allov steels may be prepared by various heat 


tr ents, by hard facing with intrinsically hard 
materials such as stellite, or by nitriding or case 
hardening. Each of these materials and proc- 
esses has merit under certain conditions, but 
none can be considered for all possible applica- 
tions on account of the cost, weight or other in- 
herent properties. 

Chilled cast iron or alloy cast irons are some- 
what expensive and can be used only when the 
part can be cast in the desired form. Otherwise, 
flame cutting or grinding to shape must be re- 
sorted to in those castings too hard to cut in 
machine tools. Since hard castings lack either 
the strength or ductility of structural steel, the 

istings must be heavier in section than rolled 

or forged steel. Therefore, where weight is of 
prime importance, these materials are badly 
handicapped. 

Alloy steel high in manganese content, 11 to 
often termed Hadfield’s manganese steel, 
has excellent abrasion resistance under certain 
conditions. This steel has the peculiar property 
that it hardens when the surface is cold worked 
in service; its soft austenitic microstructure, as 
leat treated, spontaneously transforms to hard 
martensite during the plastic deformation. In 
applications where this condition exists, the steel 
lias most unusual resistance to abrasion; typical 
eXaimples are jaws for rock crushers and railroad 
irogs under heavy traflic. However, in other ap- 
plications where the service is a simple grinding 
Without heavy impact, its abrasion resistance is 
hol ficient to justify its much higher cost; coal 
ind sand blast nozzles are examples. Also, 
‘ie low elastic limit of this steel necessitates the 
use of heavier sections to give the desired rigid- 

should also be mentioned that cast man- 
steel presents difficulties in fabrication; 
particularly, machining requires super high speed 
d massive equipment in fact, cutting 
s lly confined to that which can be done 
oXy-acetvlene flame or a grinding wheel. 


Special alloy steels (principally high carbon, 
high chromium steels) with or without heat 
treatment, have solved some problems of abra- 
sion. Hard facing, nitriding and case hardening 
also have their special applications, but they are 
either too expensive or their use is impracticable 
in many places where a large amount or wide 
area of abrasion resisting material is desirable. 

The materials or methods of treatment cited 
above represent attempts to provide equipment 
for special applications where initial cost is not 
the determining factor or the abrasive action is 
of a particular tvpe. To provide a durable vet 
low priced steel for general applications has been 
a diflicult problem. After a thorough study of 
various requirements, the Carnegie-Illinois Steel 
Corp. developed an = abrasion resisting steel, 
which is designated in the trade by the initials 
“AR”. It has now been on the market for ap- 
proximately five vears, during which time it has 
been used for numerous purposes, enjoying many 
repeat orders and an increasing demand. 

This steel is a medium manganese steel of 
0.35 to 0.506) carbon, 1.50 to 2.00°) manganese, a 
maximum of 0.050% phosphorus and 0.055‘, sul- 
phur, and 0.15 to 0.30°7 silicon. It is thus quite 
similar to the medium manganese rail which has 
been bought in large tonnage by certain eastern 
railroads or the S.A.E. steel T-1315 used more 
and more widely for heat treated parts. (When 
atmospheric corrosion is also a problem, this 
steel can be supplied with a minimum of 0.20°, 
copper, in which case its corrosion resistance will 
be on a par with that of copper-bearing struc- 
tural steel.) It is available in standard bar sec- 
tions, structural shapes, universal and sheared 
plates, and in strips up to 36 in, wide. 

In the as-rolled condition, “AR” steel has a 
tensile strength of approximately 100,000 to 125,- 
QOO psi. and a Brinell hardness of 200 to 250, 
depending upon the gage, the lighter gages usual- 
ly showing higher physical properties than the 
heavier ones. While this steel is primarily de- 
signed for use in an untreated condition, it may 
be heat treated to give tensile strengths up to 
150,000 psi. with good ductility, 

One of the requirements of abrasion resist- 
ing steel for general application is that the steel 
must be capable of being fabricated by the usual 
shop equipment and practices. Experience is 
now available from many different applications, 
and has demonstrated that it can be fabricated 
by only slightly modifying the regular methods. 
As it is a steel of higher tensile strength than the 


plain carbon steels familiar to all fabricating 
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shopmen, more power is required for shearing, 
punching and cold forming, and it is necessary 
to observe the following precautions, particularly 
with the heavier gages: 

Like other high tensile materials it must be 
handled carefully. In shearing short lengths in 
gages up to 1 in., the steel should be preheated to 
approximately 600 to 800° F. (Physical prop- 
erties will not be affected by this low heat.) 

Gages heavier than 1 in. should be flame 
cult, but since this medium manganese steel has 
air hardening characteristics, it should be pre- 
heated to at least 625° F. immediately before 
flame cutting and it should be stress relieved 
by reheating after flame cutting. Where it has 
not been practicable to heat the entire plate, 
satisfactory flame cutting has been done by pre- 
heating the portion of the plate to be cut with 
a torch before cutting and then reheating the 
cut portion after the flame cut is finished. Other 
methods of heating may, of course, be employed 
with equally good results, since the object is 
merely to prevent rapid cooling of the cut edge. 


Fabrication Properties 


It can be satisfactorily cold punched in gages 
of *, in. and under, but, as pointed out, more 
pressure will be required and the life of the 
punches will be shorter. After punching, the 
holes should be reamed to eliminate fine cracks 
around the hole. Where the service requires 
holes close together and when the punching can- 
not be done hot, due to size of hole, lack of heat- 
ing facilities or other reasons, the holes should 
be drilled. 

Drilling and machining can be done with 
standard equipment, but the speeds and feeds 
must be reduced, as is necessary with any high 
tensile steel. High speed drills are necessary 
with a flood of drilling compound to cool the 
drills. The clearance rake of the drill should be 
less than for softer steels. 

As in shearing any high tensile steel, minute 
cracks or nicks are left in the sheared edge, 
especially on the shear drag side. If cross bend- 
ing or cold forming of any kind is attempted 
with the edges in this condition, these incipient 
cracks are likely to be opened and further ex- 
tended, even causing complete failure of the 
section. Therefore, when the steel is to be cold 
formed, the burr should be removed from any 
sheared edges with a grinder or file, working in 
a direction parallel to the edge of the plate. This 
direction is important; plates have been known 


to crack if the grinding wheel is working | y; 
angles to the flat. 


Actual shop experiences have sho tha 


prior to severe cold bending or forming up | 


and including ' in. thickness, “AR” stee! sho), 


be heated to between 1200 and 1300° 


cooled slowly in the air. The abrasion resistaye, 


of the steel is not affected by heating to these jy 


temperatures. It can also be hot formed with» 


affecting the abrasion resistance, provided ty 


steel is not heated to a temperature over 15) 
promptly and completed before the steel | 
cooled below 950° F. Definite rules as to wh 
to prefer hot forming rather than cold form) 


F. After heating, the work should be do 


is 


can hardly be stated to suit all cases; usual! 


this is best determined by trial. 
As to heat treatment of sections ove! 
and up to 1'x, in. thick, more satisfactory resu 


are obtained if the material is heated to 1175 | 


1525° F., quenched in water and then drawn 


1100 to 1150° F. To avoid cracks the part or as 


sembly should be quenched in water for 30 to 
sec., depending upon the size, then allowed 
cool in air to about 600° F., and drawn back i: 
mediately. 

Satisfactory welds may be made with prop 
welding technique; the assemblage should 
stress relieved after welding. Such welding 


as Fleet-Weld No. 85, Tank-Craft, Murex. Hig! 


el 
} 

«is 


} 


Manganese-Molybdenum, Murex Special 


American Steel and Wire Co.’s Premier HC a: 
Premier Hard Surface, Metal and Thermit’s (! 
versal, General Electric’s No, 84, No. 85, type “! 
and W-20, have been used with entire satists 
tion. Probably there are a number of other we! 


ing rods and electrodes which would give sa 
factory results. 


“AR” steel has been used successfully in cok: 


handling equipment, chutes for handling co 


IS 


i} 


ore, rock, gravel and sand, for screens, concre! 


mixer parts, bucket lips, teeth and links on dit 


ing machines, furnace skips and hoppers, pu 


mill liner plates, dredge pipe, pontoon pipe, ce 


vevor troughs and parts and other applicatio! 


where abrasion is the principal factor caus 
early break-down of ordinary steel or cast |! 


These applications have been closely wate! 
by the steel producer; reports from cust 
indicate very satisfactory results, the lit 
being two or three times that of the ple 


bon steel formerly used. Considering both th 


initial cost and the increased life of parts, ''c © 
of this medium manganese steel for th 
purposes cited has been fully justified. 
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This season at last wise men of business are again hearing 
the heart beat of industry which, like physicians who auscul- 
tate the human chest for the lub-dub sound of the healthy heart, 
they have long sought. Those business men now hear the 
vibrant thud and crash of steam hammers as they beat out forg- 
ings, and send those corpuscles of industry into the arteries of 
the Nation’s commerce. 

Forging, casting, rolling, machining, welding — these are 
the ways of making metals useful to mankind. Each has its 
particular values in the processing arts for turning out large 
numbers of objects of relatively simple shape, objects which 
range from toys to locomotive parts. Of them all the manufac- 
turing process which usually is most efficient and economical 
for parts of great reliability is that of forging. 

In the following pages of this special supplement, “Metal 
Progress” tells by picture and text how painstaking men make 
such industrial corpuscles. The example will be the drop forg- 


ing of connecting rods for motor-truck engines. 
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Stacked nearby the ham- 
mers are duplicates, or blanks 
—the raw material of forging 
— sheared from bars. Forging 
steel is rolled to proper size 
from forging-grade billets — 
carefully made, high grade 
steel, closely conforming to 
chemical and physical speci- 
fications for the jobs the fin- 
ished forgings will have to per- 
form. Inner structure must be 
sound and clean; surface must 


be excellent. 


| 
<> 
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ful scraping perfects the womb of the « ® 


After mechanical engineers have 
prepared the drawings and metallur. 
gists have approved the steel and speci 
fications for heat treatment, the die 
sinker goes to work. He is a man of in- 
finite patience and skill, with a mirror 
imagination who can see in reverse the 
pattern given to him. His job is to cut an 
intaglio of the pattern into blocks ol 
steel, half in one, half in another. That 
steel must withstand tremendous blows 
of the forging hammer. It must be uni- 
formly hard throughout. Yet it must be 
soft enough to yield to the cutting edge 
of routing machine and file. 


The die is made in upper and lower 
blocks. Lead is run into the cavity and the 
trial casting carefully measured. Then care 
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When the dies are mounted in a hammer— one to a 
moving ram, the other to the solid anvil — the forging is ready 
to run. 


Into one end of a furnace go the blanks. Blazing gas 
beats whitely upon them until they are at forging heat. They 
must not melt, or even get so hot that the grain of the steel 
increases unduly in size and changes the nature of the metal. 
They must not be scaled excessively and the scale must be 
loose and flaky. There is a best degree of heat and an accu- 
rate control of combustion gases which the learned metallurgist 
determines beforehand, which the alert hammer man maintains 


by pyrometer, valves and gages. 
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The hammer man does not pause an instant. Into 
the finishing die, he swings the forging. Down slams 
the hammer, again and again and again, with increas- 
ing power and compulsion. Metal rams into every 
crevice of the die. Excess metal spreads into a shallow 
gutter cut around the edge and forms a fin, or flash, 
around the parting line between the dies. 

When the hammer makes its final blow the tempera- 
ture of the forging is much closer to that critical point 
where the steel recrystallizes internally. Yet the metal 
must not be too cool, for it will become so stiff it will 
unduly wear the die. In balancing two desired yet con- 
tradictory aims lies the forge man’s art a hot metal 
for easy work and long die life, yet worked down cool 


enough for a fine, tough grain in the finished forging. 


At that instant man and hammer become a synchronized team, 
With long tongs, gripped in mighty hands and sinewed wrists the 
furnace man hauls the white hot steel from the furnace, Swings 
it to the lower die block. The finishing impression — the true die 

is in the center. A fuller is at the left side, an edger at ty 
right. 

Upon the fuller the hammer man holds the radiant duplica. 
Down and up goes the hammer, down and up, down and up — 
four times. After each blow the steel is rolled quarter round 
necked and worked, acquires the shape of something. 

Over into the edger the 
workman's strong grip then 
swings the forging. Twice 
descends the hammer, lump 
ing up the metal to a crude 
approximation of the eventuc! 
connecting rod. Quite hot the 
metal still is. But a crackled 
scale is forming upon its su 
face — runic signs of cooling 
—only to be quickly blown 


off by a jet of air, lest it 


scour and wear the finished 
die or embed itself into the 


surface of the steel. 
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Hammering is completed, 


and with a flip of his tongs. 
which not for an instant have 
released their grip, the hammer 
man heaves the forging toward 
the rear of the hammer. There 
a team-mate, the trimmer, takes 
it in charge. 


| 
die 


The trimmer’s primary job is to remove the flash 
of the forging. This he accomplishes by putting the 
whole piece in a press whose upper head, descend- 
ing, drives the forging through a tight-fitting trimming 
die which shears off the flash for scrap. 


A connecting rod mus 
endure brutal work. It is¢ 
vital part of a motor. There 
fore it is heat treated to ® 


move internal strains in 
steel, refine the granuc 
structure, and enhance ' 
strength and toughness. * 
fore it cools from the tempe 
ing heat it is hammere? 
further in a finely machine? 
restriking die to bring 

closer to dimension an¢ * 
move any small warp 


may exist. 
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Last stage in the forge shop is in- 
Ee spection. A keen-eyed, diligent, con- 
¢ a: scientious man tests each forging for 
proper hardness, proper size, proper 
weight. Hardness is a measure of 
strength and machinability — once the 
composition of the steel and its heat 
treatment is fixed. Any tiny surface 
imperfection, seat of future trouble, war- 
rants discard. 
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The Oil-Struck, Scale-Struck Hammer 


Photos by Van Fisher 
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FORGING MACHI 


Complete design and construction 
details are fully covered in the bul- 
letin illustrated. Acquaint yourself 
with these modern features of Acme 
Model 35 Forging Machines. Ask 
for a copy and see for yourself the 
many advantages of this new forg- 
ing machine. 


There are two outstanding developments in the design and construction 
of the Model 35 Forging Machine that have not only improved the opera- 
tion of the machine but have resulted in better forgings. 


First, the Cushioned Drive consisting of a multivle disc clutch cushions 
both starting and stopping action and eliminates shock to machine, parts 
and motor. This drive insures instant starting and provides a high factor 
of safety for the maximum work it may be called upon to handle. 


Second, the latest achievement in modern forging machine construction 
has been developed by experienced Acme engineers — the Eccentric 
Header Slide. This unit eliminates the old Pitman movement and subsii- 
tutes a more powerful, smoother action by means of the eccentric de- 
sign. This design also permits location of heading tools above center line 
assuring accurate alignment of tools through complete cycle of stroke. 
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